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THE AURORA AN TH. AIkQLOY ¥ .

1

————— PR [,

?d;{. 1&.’(&&».1.“)\"".;—\;'
“Ton pydo - A { 3 '. )
. 4nstitute of atmospueric Phyusics, academy of

uciencee, USSR, Yogecow . o | -

P*inClba] facts on tao aurara and relmted a‘rglow are
desvrlbea. mhﬂ paper contains som me critical remark" and

“tlan th@ necos 3&r3 ﬂuJ@Cth“S Of further researche

CoN .
a

£ o ‘ ; .
It is generally recognized that emissiong of upper

‘atmosphere are caused meinly by throe factor Flrstly,
s v "r,

-, .
7 . .
co

by various chemicalvreactioﬂs. ‘ u&ccnaly by the exeitation
of molecules and atoms or qtmow'herewin the 3rocce of
collidzng wmth otner encergetic n&utraT and chargaa‘narticles.'“
co '.Aqd tbi?&ly, bJ fluora ¢ence of some ptcma ani uolacuTes of
;atmospher@,including t _ bln 9article 8y in sun's irrddl
ione. The wmost intén&ive suinsions of uopor atmoapé cre are
observed ddring~£be'agrofa.' ﬁi@hjsenmitivity.of xodern
s?ec?rpgraphic‘andvmlec%ro*phaloﬁetric-ébparatuﬂ'm?kﬂs.it
posgible to rﬁ&iwter tJniCdT c"1gaions Of Very weak aurorss
_%hiCA can;be npi*har Observed VLSuQYIy nor p witographad. Thé’
number of auch .aureres io much 5rﬂate* COPg&rU with t&oﬁe
aeuectable visualiy‘or phatowraphxcally. Wnay are obaserved
not only in hi@h“latitu&e-araa aut in low - lht tude ang
qu&tOriﬁl areas as uall fl 2, 3, &] It'i& act  improbable
that the introquction o: aIectrorsho omeurlc and 3pectro -

graphic apparatus o
. p f higher rauo’vinw power sensitiviiy -
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‘wlll make aurores a uouxl phenomenon ossily observud in all

"resgions, and the attribute “polaf“ ,ia then éartaln_to -
. C IOwa ita abSﬁlute‘mcﬁning. : > X
. | ' so far the main daba on aurara have be @1 obtained
hj means of grounu.ebservat&ons at night in vxsible'and

3 ) .
‘pear ultraviolet eand infrared areas of the épactrum
(45 %’ 6,~7} - Highly desirable data on emigel ong Whlﬁh

dc—not penetrate the eertu a raaphere a>uld he obta;nea .
with the HB1p of‘recmetsvanu ﬂputnims.-'unﬁartunately,littla
,h&ﬁ‘bﬂen done in this respacte Tae sbsence of rebular data-

on curores in the day*ttﬁu iz also a considerable diu“dvan !

e

. taga. he pngpac s for the use of rpckata and ﬂputnl&alin‘
order to eliminate thv masking background ef'diffuéa - |
atmospherlc light are vary'attfactive._« However, tihese
possibilities remain a“aoWutely unexploited. ST R

. a L - The phenowenon of aurcra is associated with additibn*V

. Al ioﬁization of upper atmosphere. If the ansfgy level | § 
of thé.excit;ng agent is higher than thaficniz&tiaﬁ potential
-~ of atmospheric molacules snd atc&é,thé optical excitation
! - is always ceccompanied by lonization. Thislionizayion can be -
detecteﬁ with the help o?‘gfq&na radioiocation of aurora
)
The plcture of'ﬁﬁe tribution of ionxzaﬂion and
radiancg is in gencral rm*ﬁ»r co&aisuenﬁ es pccially,lfi l

- we neve in mind the gecmatrlca‘ conaitions of radioreflect' , o

ions and the fuCt thai the average life of excited stoms

and.moleculea reanoncible for r&diance'is much shorter than

. Declassified in Part - Sanitized Copy Approved for Release 2012/12/13 : CIA-'RDP80T00246A022400050001-7
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. the average 1ife of ionization abiuh ens uréa the diffdeioﬁ
of electrons and ions from the placa of thsir origin %o
| the neighbouring reglous of thw gpaces If an ex c;ting
” agent WhLCh is able to penetrute below the 100 ko level a
.aposarﬁ durinb gurora, the ionization of this aresa 1s
_Zaccompaﬁibd by adﬁltlonal absorption of radiaﬁ“ves bota_
- from terrestrial &ndsp&0¢ sources Ca, 5, ld)
~ The ground obsmrv i ens  heve shown that spectra of
'aﬁrcra, appart from bbﬂOlUﬁe intensity, are character izod
in the firat place by ﬁhe-relative'cbntent of atomic and ~
molecular emicsiona.. This ratib is highly variablé-an&
0v1aantlj'reflecta ha depih of nenstraﬂ.on of tha eyc1t1n&
sgents into the earth 8 atmnspha:e. The deegﬁr ig this
penetraﬁion, the more intensive are tha molecu;ar bands &ﬁa,
the weaker sre stomic emissions, aapeciallﬁ'frcm metastable
‘“,.atateap' The adérgy of the highest levéls_of ra@iatiag |
particleaiié anothur'chéraéteristic feature of emsisions p£T 
auroras {Burin« many aurcres hlgh lavelé are excitaed with
an energonf‘tens of ev. lt is net ural that such -exit=
&tionf.i uccompanie by *ntensxve ionization of the atmos—
phaeree It happens, hov‘ver, that spectrs of aurora
‘_display abnormallj- nt@naified m@t&établg emigsions of atomic
ox; gen and nitrogen - 6300 4 gn& 5200 A (excitatioﬁ |
energy 1.96 and 2.35 ev resnectively). sometimes even

without tracea og other emisaionu from hibner cxciteu levels,

.
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Jorx example, even withcut increosed metastable emission
of eaagen 557T % (@fﬁ‘ﬁdu&@ﬂ ensrgy 4406 ev). - And

finally, the most remarkable featurs of thé'ﬁpectfa ¢f aurora
is the presence ofiabsﬁnca of hydregehvemiﬁaion with a
wide spectral contours ¥henever ithe rgdiationvpréceeds
from the magnetic zeaith the contour of such emission is
always shifted 4o the short~=wave part of the spectrum. The
wide contour of hydrog@n'emission can bavmost éaaily X~
. plained by the pénetraticn into atmosphera of éamparatiVQly"/‘
scft protons @iﬁh,a rathar'atabla_wide interval of velscity. ?‘
The most frequﬁntly encaunierad vélocitV'corresb nds to an
- energy of al aut several hun@redd' ev. ['7, 11] e Only in‘f<
sﬂVLral 0&008 heo a contour corﬂegpond*nw to &buut IOu ev
been obsarved [12,‘13] ° The m@st 1ntsns*va hy&rogen.”
emiasion with a vide cantquf‘isvmora 0ften.ebser?g&;in N
'sPectr&.ofiatomié type though~vary often it'isﬁhct obamrvzd
) theré atfall. It iy neceu 38Ty t@ point cut, however, thet
- redistion’ of the night sky iz 1Wuvs accompanlea by week
hydrogen omi sic n'i L with a very marrow contour whlch
ccrreaponau ts hvdrogan.utoms Wiuh an enargy whicn does not
exczed several tﬁns of ev [&1] . T&e orlgin of thls
sszon iz not cowp’etely un&erﬁtood vat.' ﬂhun_aurora appear
in a unlit grea they are ghpwlemantcd wmth.rlLOremcent
emiss ions of thc ionized nitrogen malacula and metastable

orthohexium atoms [4, l&} .
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These peculiorities of 3pactra of surtres enablse  the
comelugion to b rade that in eome  casws,but by no reans
always, esigsions of surores can bae axcited by faat profaﬁs.
It is interecsting io a0t thet st this time vome relative

- weazkoning of ﬁhé. Feinel system of the lenized nitrogen
'ﬁolacu3m end ﬂcée fal&tiva iﬁ%&dﬁlﬁ&é&tlcn ef the QmiSSlOﬂ

. of ianizwa nxtru&an about 5004 2 | ~are . obpzrved. The same
peculiaritiss are obssrved in &xpﬁrimeﬁiallj produced |
gpectra with gimiler axeiﬁimglagenta. ¥hen very fast

-~ protons are able {0 penstirate into iowmr arsas sf.&tgosphgre'
with moleoular LCﬁpaﬁiilﬁug hydrogen emission may be hidden

from ohs@rvatian because ¢f intensive blinding with bands

-

-0f neutrsal and ionxzsd nxtfo”"n moleculas. : %haa'hyﬂzog n

f}

emisaion with a wiua contou“ is absSent surcrs can be excited
by fast electronie The energ 7 of prlﬁary protons and
| @lectrens'regponsiblg for aurara can be dgtermined approxi—
 xﬁtaiy'by the lowsr m&rgin of(gléw; In Qfder tc penstrate
into ths atwouphers haibw Eﬁé,Km the primary proton should -
have an energy excoeding | Cs 5 kevy the primary el ectron -
©.only above ZU eve In order to penetrate b&low-lﬁ& km  the
energy thresholds excesd 200 Xev sand 1< hav rn«gecéivély.
Emisaionﬂ of atomic type arexuﬁaally obs@rved at:n nts
| ‘exceeding 200 Kite The.lcwer border of Wome aurores lias
! | lowsr thun 160 km. |

- oLomn “m@rlcan sclont lste have usad rocaeta to

N
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investigata cornﬁéclﬁe wileh cauns aurore at fireighte below
200 ko [1%, 15, 1%, 18) « they have discovered eléctrons
with onergien of several kev and protens with energlies

of huﬁﬁreﬁa_of kaz, A far aw electrun3 are uancérnéd

the se eﬁergy &ata_agreﬁ with the results of gzouad abscrv*
atiﬁnﬂ.v A8 o pra%&na,h&%aVar,thairvener 1y «stiwatwa yﬁr@'
"‘130"1 viiig’:-.er tban the low cuns wh;:ich hx:f»c..‘i.‘e :wectu'* aavordxnw "
éolthe'obﬁ@fV9ﬁ‘ olear sully ?"Wdzus tua whar*-wav nart

of t.a Joectruw' It is gult@‘paas*ble th&ﬁ the obazrvﬁd'pFOj

teng did not cause au‘wr&; the latter o era tn n uxcxtna

R Lo .
-' by‘proﬁsns with energios ~f neversl hundred ev which ware
ﬁa% regi@ﬁarﬁ& by the &ngr&tuﬁ @oade &pparﬁntly’l“& tion
inventigatl ons aﬁaulﬁ ba un&uf%&k&g*té collzcs more reliable
f&ata. "" v ..
'The &bdv& 3@Ltisnad 1nveuﬁ*"aglonu heve madn it
sozsidvle to ostablish e certain yolationship betwson the
‘ radiance of aurcra end. prima Ty orvaaclw@ [1&] Vfﬁuﬂ
_— . ‘it haw Eaahléatiﬁateé tha shout . G 1 % of the prizary énargy;‘

-

ol corpuecles turn into visible ra&iation. It is aesiraﬁle,
hows versio kncw this value more exa cily as a function of

3 . .
the h@lgnt of radisnce teking into sceount the back flux

of corpugcles refiaatad from the ge magn%tlc fie;d. 4t iﬂ'

very.imncrtant to ian wigabe simultans ?g‘thé gnsvgy Tast
on ial4zat10ﬁ, «nd the rudistion in spoctrum rigions

lnac c@s&abl for Lroand ebis erf¢uians.

\
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conclucive determination of the naturs of the initial’

‘puscular flufes [19] F‘h:i.m pTvCGﬁS ‘should sugment in & ‘ | 7

_?-

It is necessary to nete ,HGWGV¢r; that the inves tlga*‘

ions which have been cccompliuied, are nob sufficient for

exciting agent orf qolar 1iwhts. Since various megchanisms f
& - & . :

of the gensration of corpuscles in the earth's exosphere

itself are being discussed, it is impossible to deny un—

conaiﬁianallj the exi@tance of a corpuscular flux consist—

ing of etmospheric ions ( w5 w', 0%, OF,
T . - ok e a1 " ,
HO &rf, He®)e.  Besides Shklovsky sdmits the penetrat—  —

. ion into the Lurth's aimosphere of . meutral hydrogen atoms

which are formed in thwe *agerplanntarj space during the

. re~charge and neutraliaatian of protons of primary cor——

medium £illed with wiorometeor&te AB to electrons with

. &n energy of several kev the evcitatlon of radisnce shcu’d

not. be attributed caly to primary electrons. It can be R

caused by Jec”nd&ry electrons which appnar during atmosphere
icnization by grimury electrons. econd ary electr@ng may
possess an enaergy of sev reral ten& of av and. wixing with
thermal electrons of the upper atmoaph&re, form a curplus .
of.primary electrons as compared wzth the Valﬁe which
féllows from purely Maxw&il distribution.

It is neceassary to note that the enérgy of corﬁuacles
(protons and‘electrons) found in thavupper atmosphare
doss not correlate with the de ay timw O the begmnmxnub

of Een magnetic Jt$?ﬂm in. rﬁlatxon to the appearance of

Decl.yassified in Pa:‘rt - Sanitized Copy'Approved for Release 2012/12/13 : CIA-RDP80T00246A022400050001-7
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r

Declassified in Part - Sanitized Copy Approved for Releasé 2012/12/13 : CIA-RDP80T00246A022400050001-7

[

ctive FTormation in tho Sun. This is a ccnvingimg procof

y : :
that corpiscles which cauns) aurera are not primaery solar

corpuscles but orz cinate in Lne terremtrzal xosphere S 8

result of some comples processes of Ante”&ctio“ with

corpuscular fluxes of thoe Sune OF breat lntmresb iJ thc

abnormal i&tensificutisn of wmetasteble emissions of,oxygen

.ana ‘nltrogen atoms 6256 and 5200 & with o low ezcita— |

tian~potertial (1 9 snd 2;3§'ev resnactively) ‘without

any uigrif;cant imtﬁdblﬁlC‘ﬁ.On of the - metastable saission

of atomic oxygen (5577 %) ‘with a ali»utl igher eXcit*

atién pe%enti&l (4065 ev)e ;ro mccanimus of such gplect*

.

ive excit&tion of th* abcvemen%ianaa amiaslun are pos alble

/ ’,

i

electrons at a tavp@ratu*a of seVEral thousand depgrees &,

wiich. ig insufficient for axmultuneou exci»atiun:of

the gmeen Cmias;an of’ &taﬁi oxygene This . temperature,
. however, is hiahhr ‘than the tﬁmparatur@ o* 10@0*12 .

»

which,ia'usually expec%@d,i pv rugian of a.ro“a. &nothar
possibility_im'selectiv& or 5iﬁatlon of theuse emlasions
result ing from chemical rsactions,for example,in the proceus

of dlsaoc;aﬁive r@combinzt¢0ﬁ of ionzzed molecules of Cxygan, .

'>nitro gen and nxtro;an G/&dw-[7] ‘However,when uolacu“ar

emiasions_&rs absent and the 1ntanﬂ;ty of the red emizsion
of atomic oxygLn is too high uch & moechanism do ~1_1-10‘.- Saee

m
nrobabl ,for iy ia;difﬁicuit-to admit that there is a swift

eclassified in Part - Sanitized Copy Approved for Releasé 2012/12/13 : CIA-RDP80T002‘46A0224OOQ5770001-7 '
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'éﬁd abundant upward entfaimént of moleculsr ions formed
below without the excitation of molscular enissions. ’
It is important to undsrline th&t‘corpusclea'with
E energlies above sev;ral QV'cannof-be agents of abnormal red
| veﬁiu&ien of atomicfoxygan 6500 2. 1Ir these corpusclé54

were exciters of the above emission it would have incevitably

‘resulted in other emissiona corresponding to higher excitation.
This is not observed,howevér.f : "
To cuﬁcluﬁe our review of amiaéions of aurora
.we mast point out that~it is only the red emission of
0xygen that can ba?sOmahow.explainsd,by chemical reactions,
- for eiample,in'tha pr&ceaa ol disgociative recombinatioﬂ;/éé
-~ .molacular ions. * Such a m;cnanigm.i however, is of no uge for
| explain&ng othor amiasions with a higher excxtatiom potent -
.irl._ During thr coruscation  of aurora, in s period of
time leas than a &econd all the principal emissions,except
the red oxygen ome 63G0 &, have a aynchronous development .
and equal relative depth of mOQLlatlon. since the time of
ion recombination greaﬁly exceeds a gecond  this is ooasible
only when the excitation of eamdssions i3 the result of e¢ither
a ﬁirect dmpact of primary'cerpuaclma or short‘liveé second™ .
ary‘eleétfons' which have origlnated from them fﬁ; 27]
' %e have Juggeﬁtaa the ldea of sporadic ionization

and heting of tha uppoer atwosphese with corpubcuiar Plutes

and asystems of ionoupherlc currants,. a5uumznw ernanuion of ..

t

- .

[
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the upﬁer atmosphere as a re&ult of heatinb [2@. ?1, 22,
23] « . Some suthors believe the beating to be tho result
cflmagnetic’hjurodynami waves [Ea, 25] it has alre dJ
been found with the ha?p of interferometera that curing
intensive surores with abnorﬂallg lntenaifiea red emisgion
of oxagen the uldth of its Loppler contour tantifies to the .
-rige in temperature. Tomperatures raachlng 3JUO . K
[26]  have been ;egluterea. | |

a The heatin@ ig accowp;nied by an lncreaea in the
hel&ht of uniform atmouaphere and bJ clreculation and mizxing.
CA1l this are satisfactorily . confirmed- with observations

v
of 1ntensive aurores. ”he upward mavement of & great

. - mass of nitroben molecules results in_an increase in the.
| | number of their ions  there. They are easily observed
: beyond thevzarﬁh'a. @hadow ’due to:rluorescénce which is
charkyx clearly seen thanks to we114deve10pe& bandz from
high v1brationa1 levels of iond of molﬁcu‘ar nitro&en. Thus,
for eyample, on the 11th of &ebruarj,19)8, when auroras were
studied in Zvenigorod. at 36°  to- northern horizoy, at ‘
altitudes of over 300 km there ware abcut . 5.1011 ‘ions
of moleuular nit:c»&n in the line of v1aiOn wztn the'scale
height of about 101‘ ¢w spprozimately corresponded io aevmral
T

thous 9nc 'Ngu_ in cm5 It dm necassary to remeaber that

v th@ detection ‘thresueld wig about 5.108 ions of»EZ* cm 2

ecléssified in Part - Sanitizéd Copy Approved bfor Release 2012/12/13 : CIA-RDP80T00246A022400050001-7
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in the Iine of viéian and that under usual ceaditions theae

ions could not be detectede During the surora on the night

from the 4th to the §£k ol Woverber,1958, Naf icns avout

.twa orders lesa imf auwmber wers oba@rved avove the 5L0 kn level.
Additionsl lonizaﬁivn,an& hé&ting 6f the: uppsr

almosphere can be attributga'ev&ﬁ t6 weak corpuscular [luxes and

systems of ianaaéhe:ic surrentse ‘Thﬁ additional lunization,

wirich was’arpéctaé by‘ ussculd be the cause of aiaturbancat _

of the uniformitg mf 1oncapnere &ad aavearauce of nparad;c

lﬁjers. &&ter soxme authors argues in fav@ux of & more dibﬂi“

. ficunt rela of cha&a prace s (28, ¢3]-@ But auch trend in

the development of this ides encounters a very ssricus obstacle,

'i.é. the sbssnce of aignifieaht epiesions abowe 100 kume. Some
nbn‘unifermitias of,radiati¢n fia1&s of ths night éky-maj Aleo
be suspeacted ag traces of carpﬁmcular‘exeitation. éﬁwev&f, |
the finsl solution of the problem requires asn sccurate aeter*_’
mination 0f heights of these additiénél4f&ﬁiﬁtions. It is
highly daportent ta.carry'gut‘rggﬁlar ohssrvations of the
height of the iui%imtioé of»@mi&siens in-icnasphara et
different latitudes and in &if‘f‘o}ranﬁ parts of the day.

| Systama of ionespheric currvata oreé naturally asso~
,aiatmd with the' exzmuence of systema of electromotive forcese
Thusa aystams mumt ¢hange movements anc.lccau.ans of the
ﬁrappn& corpuaclan,?ﬂpeciallg.mrem\enar~w'af these corpuscles

1y small. The eireulution of sna.iaﬁizgﬁ.uppgr atmompﬁere

. Declassified in Part - Sanitized Copy Approved for Reléase 2012/12/13 : CIA-RDP80T00246A022400050001-7 "~
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IRECES

in the geomagnetic field nay bé‘ane of the Caaaes of thb.
existence of systemg of elacaromotiVa forae@.'«hen vartical
electronctivn forces of & aeflnita alracticn aavziop,upward
diffusion of molacular iona is posaibl This thHOLGHOH
Looas well as the erpauslon of the upper ataoapuore upon
' heatinb may lead 1o an eyt“nsicn of aurora in heibht.' e
. have notlces that tha deveTOpment of” aurora in accomoanled

at high altitudaa not only by fluorescent emiﬂsiond of

vionlxad hitroben molecules but alao by emiuslons of metas—

“table stems orghohelium [4, 14]. In this conncetion it 1g
1int@*e3tin5 to note that as far back &8 1852, Gartlein ’
[30] found that the ap:earance of nitrogﬁn-ﬂolécular
emisaion originates somewhat later than the initic aticn of
. polar lightawfk ind what ia more,already ln lahu Gartlein
Vexplain&d th well“anown phenomenon of the shrinxlnn'of the
~lower bvundar; and extent o; aurora in heig L in the Jearsg '
- of minimum solar activity as compare& with active puriods /
due to the diminution of tha extent of the Zarth's umoa*:.‘
phere in thia per&od. [;l] -,3 ” |
The nature of galar b ¥ o lights varies conaideraaly '
.at different geomagnatic Watitudaﬂ. e di¢t1n&uish three _
pPrincipal tyneu of polar 1ighta wzth regard to. lutitudeﬂ..
| 1) ‘polar area lighte 3
2) uaual high“latitude?aurores;' |
- 3) low*intcnsitg vidaall unobnervable libnts of
middle and eqautorial latitudes.
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;jpical polar area ligntu sre caused by protons
Tof solar aririn wilth on energy of soveral tens of dev
[,“ %2, 54] +« Thay raach’ the Eartn'in'several tons of

‘~,i mlnutéa 10 several hours after soma Chromos pawric flares .
‘ reccecxn, the geomagnetic dtorm. Theee protons fraely |
penctrate . into polar arﬁma appro 1matelj aleng utoarmer 8
traéectories and proauce above them leoat unlfcrm scin —
,._tillauion,of g:aaﬁ aXpent. Since hard protons penefrate
below the 160 km level the ionlvation whica thny craate is

B f;“'i; accompanzad by an 1ntenmive ahaorption of radiowaves and -

?

tha r“d;ution contalna intenuxve uolecular bandis which musk
/. the huarogun emisaion. folar areas are Very convenient fur
" _ouservzn& hard solar protona.. Ground observations and those
;lthb the help of rocketa gnd r“nu.‘{;niif.s:, even at unort dlut“’ ool
‘anceS from the uarth, can pLovlca eytr&mely valuabla datae:
Lince it is someotimes "onjectured that har& so’ar orotona‘
reach  the Barth along magnaticllin@a,of force walch origin* T
,i ate in the Sun é0me insiwniricant‘varigtioﬁa mﬁy'ba expected
 in 1utitudina1 voundaries of lighta aue to different con=
 figurat5$n of the cumulattvs m&gnwtlﬁ £ield and corpuscular
fluxns abave the north*rn and ﬂouthern\pclar areags
urdinar; aurora are known to hava the form of 2
* halo ¢ round the geom&gnutic polea at an dverage distance
of ahbout 25 . During geomahnntic atcrmu zonzg of aurpres‘
extend and th@ir center shifta toward low latitudes. 4

similar shift of a swaller eztenb is @aawrvad al eveaing

\
K

Declassified in Part - Sanifized Copy Approvéd 'fbr Release 2012/12/13 : CIA-RDP80T00246A022400050001-7



L

' Declassified in Part - Sanitized Copy Approved for Release 2012/12/13 : CIA-RDP80T00246A022400050001-7

2 Declassified in Part - S'anitized Copy Approved for Release 2012/12/13 : CIA-RDP80T00246A022400050001-7
e UECIASSITIEA IN FAll - SaNIiuZed LOPY APPIrovead 10l ReICaAsSe LU 14/ 14/10 1 UIA-RUFOUV I VLVZL40AUVZLZ4UUU0OVUUU

+
¢

=~ 14 -

hoﬁrs,reschinﬁ its peak at local mldnight,whereas toward

. morplng the motion 1s reversed. Radiance is highly non

uniform with regﬁ”d 1o ’atitu&e and long;tude. ?he ?OW”

“intanaity aLffuse glow uecually spreads over vast mmz.ces,‘~

here ‘gomet imes additional suarplg autlxnna fcrwntiona

‘jdppear,such as arcs,stripe,loops,spota raym. The more

-concentratua,contrasted nd less extenae& are theou format“‘_

ions, the. IEJ» atahl» they arce ' The &h&rvly—out¢ined forrut~

iong contaln th@ gxaller purt of the auroral rudiaﬁion. the
greater nart of vhicn occurs in vaat diffua« fields . o

~ pecrly visible becauga of tha low contrautsqnciﬁivitj cf

the human eye at low illuminsticn [4, 35] « . T

.ue wxan to laj spacxal amﬁh 8is on the abova -

mantioned factu for tuny are 0f gredt imyort e for
"veneral enArgetiua of aurora bacause during recent Jears

. paramou nt imnortance a3 been uttachvd only to v;aual ana -f.

puoto@raphis ébaervatﬁona of the most intensive, stortly

defined areas of &urores.~

'

-ﬁayflikeafvrmatiohs are especimlly intérﬁeting

among ‘the sharply~cutlined forma. They appear Prcm arcs

: and sbrips which beCOma thinner and btreak up into separate,

: elaments‘ parata 1itt1e rayes have dlffewent degreas

of focuainv. aoma of them are only hunareda of meters in .

~diamﬂter.‘ yuch Eeparata r&Jb are veory ahart~3¢vnd formf
mtlenu whlch exlst lassg. thﬁn one t@nth of & uecond. “hen

-thes. thin rays are essecially’ “arply ?Obdb hp;

«

N
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uaually £flare at certaln ﬁcinté forming wsheaves (accumilat—
ion of thin rays) along some Straight or curved lines the
majority}af which cciuside with the geamaaneti§ paraliély
¥hen auch raya‘are focused poorly their sheaves merge into
onsypractically nda‘scintillaﬁing columiie Shagves of
- sharply — outlinad rays 6r 501id columns sre 4rift ing axong
the geomagnetic parallel at colossal velocity both in the
western and the eastern directions. ' , B
| de obgerve drifts at 100 kn height which sometimes
reachna & velocity of several km sac ; [4J Zoma authczs,
_however, notsd velocities resciing 20 km sec ® [36]. The
formatibna extending along the parallel sometimes have a
wavy structure and form_loeps and-littlé norseshoces. !The
1atter}’as a rule, are turnsd with their canve# side eastwarde
When we soe ascafilmﬁ moving at a high epeed _
vortical movements of radiant fprmationa are obﬁarved.[é, 37];
Th@'patterg'on auror@s’aomatimas‘csnﬁists\ -of numerous and I\
~diverse structursl details and coruscutes with verj short
pericds from fracticns of & zegond to several iens of ﬁacsudﬁ;'
Calm‘formm are ususl at evening and worning hours,eruptive -
fcrmﬁj' a%'midnighﬁ._ Some past observations of the minimuma
of solar activity}ahowed that calm forms predominate at such |
bariods.' Mobile;aharply‘eutiin&g ray=like formations are
sometimes acdoﬁpanied by tua}so'ca’lmd "weather—vene effect™
"[4) 45 a result of the relative motion of tho ray of the

excitin& agant and the ataoaphere tha front of the I'ay ned
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coloura of 10w*inertia emismions,and ersas behind the

. moving: ray ‘have colours of int?*l&’ ewisslona.

. Xt was elready Jhown in Strimer's classical works

[6] that, 1n the suﬁlit zone,ruya aﬁpear on tha oxtcnulun
01,gesmagnetlc'lines witich cross_ rays in unlit atmozp_ ores
xnua the ray weakens, as it were,beginning with its 10wmr'f

bounuarj, and then dies out, but b@&lﬁ& fo glow abain on the"

" “boundary . of the nigbx ghadee Thia additiOna} glow can-be

explained bj fluorescence  in 401&? radiat;nn of ionlzmed
ni rogen molecules ‘which reach very great heights along geo™ '
magneticvlines. WP succeedﬂ& however,in diacGVarinb a- -
somewhat’ dxfferent phenomenon [4:] B e consists in the fact
that a ray. in full darkness ab some uxatance from the lower

boundary almo‘ - suddenly d@creasos it& brigaineab geveral

times an& &om@times sven more then by  one order. oometimes

rapidly movin sharply intensified clots anpﬁar 1n the rays. -

" It appemrs. that such luminiscence detalls aru due to

'étreama or currente ‘of the gas which rich in @ff&CtiVPly
eycited molecules and flow in the disaaci ated area of the
upper atmospheres .~ This preaenﬁs an extcnaiva field of |
inveatiga*ion by &irect aoun”inw of the uppnr.atmo&pharg._

' Durin the develapment of ray structures th» abv™
‘sorption of radiowavea in. thé layer D below thiqa structured

increases drastically.; This shows thmt aither haraar cor=
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puacles of.ﬂ*rays develop at this time (which pénetrate int§
the lower areas of the &tmcmph@ré) due te haprder élécﬁronﬂ.
appearing in the srea of lights [4, 38, 591 o
During geomagnetic storms the widin of the bend
of polar lights beecomsa much greaters Smiséicns of pdlar
iighta can be detectad even visuslly aé & distsnce of
'_thcuaénds,somatimea even several thousand kilometers from

the most intenslve areas. .Pields of hydrogen emission are

more diffusive and uniform . than emission filelds without =
hydrogen emission. | Haxdimun inﬁanaity of thﬁ.fdrm&rAliﬁﬂ |
in ﬁcre<IGW”latitm&é areas lhan maximum intensity‘af the
“latter. However,the filelds of‘the latter penetrﬁée:gntp
IOW'Iatitu&as much deepef‘than‘tboaa of thé former. Thus,
a8 a'rule,'the‘fqrmer are generally framad with'tﬁe lgtter
on the side of both high end low latitudes. In sharply —
outlined formé of éuréfa. including ray~like oneg, ho '
intensificstion of hydrogen emission iso o$serve&~[é, Bé] ._ f‘
Some inveétig&fers,poinz-out that fie1ds:of'hydr§gen
emiaaion‘even'avoiﬁ locatiansA'1bf sharply'outlinadffcrma [403.
L o It must be ndt@a‘too that‘bay@nd the area of maximum |
| intensity'atoﬁic‘amissionefpraabminate,»this fact showing ”
,ﬁhat dither the,cqrpuacles' ére.mafe sﬁorﬁ-rang@'cr_fhe
‘atmosphere height in the.6rea:of max Lmum intansity becpmeg.

greater due to intensive hesting. Aurora and hydrOgen'
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exlssion often eppsar in usual pciar zZones even on Lagnei~

ieally colm doys with high and zero ﬁ*inﬁices,iuc}uding

yedn& of minizum eolar aetivity.

During geomagnetic perturbations onlj the aevelep

  ment of intﬂnuiva emiosions over greater Borth's areas -

becomes mors prcbable. Low~intensity ViSLallJ“ObubrVéd

arc“sﬁapnd raaianCGs have been rgeent1;~obsﬁrvad by Burbiyr

and Hoch: [l 2] et low latitudes. ‘They result from 1ns1gni“

ficant intamsificati&n of the red forbidden emission of -
oxygen 6300 & . Receﬁtly Trutze (3]  has been tryingﬂ/
to find auch,formatiéns in the Asnkhabad rsgicn (Turkmenian
" 83R)e. He h&a.not,foun& aalid arcs, but 6bsefved separate
spots in the red snd green forbi&dun emissions of oxygég;,
- which do not coinside. . Low— 1utlﬁud& red arcs and spots
o are a new and- llttle~knomn pn@nomenon., Wha spcraaic
non~uniformity of addiil onal ion;gaticn of the upper atmo—
sphere should probably ba~1nclu&eﬁ.iﬁ similay phenomena.
| - Ve have dﬂult,hitherto, mainly with prece&bca
within th@ area of the observed aLrorca. It is not less
¢'f . intereshing, however, to iavestigate higher areas of the
upper atmosphere from which corpuacles cauaing lights
. penetreate downwardé. In ﬁay;1958,v'we made an atteopt, with
the help of the third Sputnik, to fiﬁd fluxes of geomagnet—
ic ccryvscles sligntly sbove the area of aurores [21, 22.

23, 24] . This attenpt was succcssfule. It was for
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the firet time that at en albituds of 1000 = 2000 km'
fluxﬁf af electronu were diccovaroed watp an cnergj of
about 1l keve Hewmely, they were electrcm3 Whlﬁa arm the
mestvraSPOnsiblﬁ for eurores. But thaJ wers not huzﬁ
'corﬁu cle& ol rzdiation beltuo. Their flux ”Yb””ded
IGIQ; - 1‘12_ particles cm?z'_sacblo It s vaﬂd that
: thbué& the ﬁirﬁctiar of most e Ie»trana of auch fluxes is
” ﬂﬁ“l; parpenéicular to ﬁﬂm&nnitiv line&, ths uirectlun oF
f.soma Of. ta&@ ® inciden with theoe linaa. “a*xllar fluxes
'=wers laﬁar dbserv&“w' by other ﬁciehtista e, .42. 43, 44}
1z iu e»puciallJ Lnterc finv tha 0 brlen and Maaghlan,
havzng founﬁ suc& int»nina fluves at an alti; ¢ of lﬁué‘km,'
did not ind thwm in tb; esuatorial ulmne at a distence uf
Aaeral terr eattia] radii [&é] . Aucording to ground
Ohgerva Llanq, c rpumclua “hlcu areg rs syansible~fer aurora,
8g- e hﬂva poxnuca ent neny timms, h&Ve moderats energies.

ulnce cao neri d 0f urlft of suclh partic’eﬂ around the Harth

ig long aﬁ c,mvar@d wity ihmir lifetime, we expacte& ahat h

- they wauld form unly “ﬁparabp fibre arounﬁ gZetmagnetic
lines [5,' 2u] Howaver, we amd nat admit  that such par=
,tlclaa form rddi 2t ive zones. | D
It ig dlfficult io intﬂrpr t& the drift.of‘rav 24

stru-ti aa aa a drift of cymp“ct ¢lots of corpuscles in a

2

A

geoms @nvtic : flel& bwcauaw of the snormeus velocity and

dlffarent direc*imn@ of the drift. Thig raquifeﬂ rejection

\

R
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. of the dipolé-fielg and auaumation that in tha aquetorial

"plane at a dis»anco of several terrestclal radii there are

very complex magnetic Tields of var;ing_intangity;‘Eéaides,

though aurcra sround ihe northern ana aouthern polea are -
generally mors or less Jluultzn&Ou& and conjugut“u, the

Bimilpfitj o” their dn»alimd structure is not J“% wroﬁad

‘ o 3 {4;, 46] . | Cu wardly baparate thin raya rather resemdle .

Sla

soma disch&rg él@n geomaynatic lxnws.’ IY is not surprig-

ing that omly re cently ourora wers fenerally‘intarpreted as

: :j - a gaso discbarge.‘ It was alsc auggeuteu that the 4rift of

electrons end 0rotona in different dlrECthnn resulte in-
. \

the ievelopment in tnu gxosphare of ectrlc £ields which

affect the structure of aurora . [oO]

»ince 3957, at firsﬁ wlth the help of Geliger ccunt“

era, an accumulation of hard chargad particle

stable radiative zcnﬂa

3 whlch fo*mﬁ&

[ 47, «83 Though,in contraaiatinbtion to our QVpariment,

- it was 1waoss¢olﬁ ko acertain unaabiguoudlf the presence

~of. kev e7ectronu with the hoip or Gniaer cuunterd, never=—

theless, ‘the data ibtained wi‘th such counters were

interpreted as the re,ult of the effect of X-rays from

electrons with energiew of tens Gf kev upon Gelger counters

encloséd in sputnik g hells._ It was also assumad that

fluxes of such e’ectrans reached 1011 -'101‘-

-2

~particles
em

sec‘l.' Later Gringaua, Bart, “ero* and hLlov qy 49

-~ Decléssifiéd .in Part - Sanitized Coby Approved for Release 2012/12/13 : CIA-RDP80T00246A022400050001-7
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on the basis of data obtained by means of lon traps,found
that noar Lhe uquatoxial plane,at a distance of several
‘radil bf the a“tz, tza iatens ity 0f electron fluxes was

about 3 ordere less than had boen expscteds Later thia

fact wes confirmed by G'Brica, Vam 4llen and Frenk [)u] At

%h@ Bame time uriuyaus, wﬂrt,m baTe) A uﬂg gﬁklov&xy found small

electrun'fluxes with imdiv~ dual eleétrsﬁ enargi~s'GXhﬂﬂuin

200 ev near the equauor¢a1 nlane at a dzstanca QP abaut ¢

Zarth radii. The registered o ix 4id not exeeed 1”8 ..m:"

© particles c¢x 2 sec +

» The qu»hu“a thmugut that *hey haﬁ

found & new radisiion velts Tob so lenp ago Davis discover—

¢G in the geomagnetic field an intensive.accumu7atién s

of protons with energies of Gl to 4 Nev [Eﬂ In the

end it becane evlueat that the entira gpace in the ge sig g

'natic fie’a is rillec w*th vari us eharg@d pﬁrtiales with

different ensrging. Lon?iéshv distinction cf‘eeparate raﬁz‘

ation belts there buCOmBu cunditimnal.'“¢nutead of the

formoer "bmlt" the ﬁarm@ Anqar“ and outar Zones become |

more and morh pamular for thny ref’act t*v nature of the

fact nors. zct;y

Radiation b@lta appear ag canuinaoua,nan'u¢screte

in longitude accumulatinn@ of hl rwté particlea traoped by

the . Seomagnetic field,whose lifetime greatly exceed one

circular arift aruunﬂ the “arth.<

.

Aeccrdinv to these notions,

>
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particles .with a pitch*anglé of &ﬁuut $0° located near the
amor¢a1 plene are the most stable ones. 48 these angles

decreage, particles undergo deeper oscillations alodg thé

geomagnetic linss, 4dheir lifetime becoming muéh shorter.‘

48 8 result of ﬁhim,th@ &anaity of pmrticlas nsar the

| »quaﬁorial plane is much hibuer thun neer polar areas. then

such eonjecture becam widely poauluriued it was hoped that

aUrora are & ata&c in the ~aintgg”a*ion of raa;&tion beltye

The prebent fac%ual dat&,uofwvar, make such hopes rather
doubtful. - | o -‘ | 7
Tb@'ihtansity of the herd particle: flux in radia;
tion belts neap tha equatorial piﬁne'during the maxizur
radiance of intensive aurora, which accampan; geomagnet ic -
“tO“ﬂa, ig decreased ond is ”ewtored onlf after this auroza
cease to exist {52} I , ' ‘ -Nﬁ
Howaver,the energy contunt in dadiation belt
cannot provide for aurorsl ll&mt‘ even if they tak@ pPlacs
at é magnetically = calm period. A1l t? i ig redaubled
during the existence of rayFah&pp@d‘sﬁructuras wilth a sharp=
ly increas 38d lights deneity. I o
%e shall cite some sramlleg charuct~xluin tha
intenaity of aururss., When de«erainlng the iptﬁnwiﬁj of
eurora we assume that aauut )‘10 =3 parts of the total
nnerg; of corpuscles having indi ; uéi @nérgieé of shout

1078 erg turn into visible radistion of aurors. On the

Declassified in Part - -éanitized Copy Approved for Release 2012/12/13 : CIA-'RDP80T00246A022400050001-7 o
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)th of Jovenbbr, l‘;&, in ¥urmansk at 12 hours unlversal

tige, wo Ubﬁ rved thae surora for half an hour, th@”univarsal
N . :

index K being about 1, whlch lod the forn of o spiral

witn numerama twl%tﬂ hﬂq diffusa radiance which ca#éreé

aniarea from 1016 cm from thoe Lern hurison to +5° of
b, ' - S : '
the ecastern zanith diatanca. Tha.weﬁtwaru extent of the

aurcra beyoﬁd tag hords on 15 net knaun. “hié,aurora pro=

duce& $1llurx inut¢un of the Surth's surface uhi&h axcaeded

-the lliuminahlun of the full mu@ﬂ, Lede nst loss than w.l '
-2 -l
erg cm .gec *. .lﬁhue,aa anw*,y ez ceading'E.IQd” erg -

>

was‘releaxg& durin&'haif an hour. @uch'aurér&e could 5@
produced by a lux of electroas with aﬁ i&dividual @ﬁérgyﬂ
'“sf 10 kev§ ezcaeding 5.1@2_ particiaé Cmfa's&c“l.” (al -
the-llﬁh 9? Eabwuary, 19ﬂ8; after ﬁnibhﬁ unlvernal time,
ena of most soebtaculam poler ligh ﬁ& in recent L¢re were
Qba rved. '”he univerua index K raachuu‘ Y Tha lightwu
'spreagrprabably'ovar‘at least 50 A of the farti's surfaces.
The iatensity of visible illumination on ths Zurih's
surface was not iews tnan.i érg cm-asec 1. vThémé lighté
continued {pr ﬁ@varul hours. Thay were observed abq#2 &éerica
longer than in our country, with an intanaiﬁy'twa'aréeré
. kigher than the one mentioned abqﬁé. Tau s, during.ﬁﬁis
event emergj ralﬂase in ths ﬁarth‘g sisospheres only during

21 . g -
1 zec ®uld OXneﬂﬂ. 105 erg. It means thad an electron °
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flux with an energy of 1C kev on en average could reach

5.1é1$ particles cu e sec o iven assuxing that our
éatimqte is exaggorated end should be decresced by several
cr&era, it'i& all the same evident %haﬁ the ensrgy contant
in radiatlon belts fe not sufficient for such immense
SHBYZY T2leisad.

\]

G Briens V AT, Allen, Hoech and Gartlein . founﬁ iacruga“

ed intensity of hard purtizles abovs red low latttu&elarcﬁ
[53] » Such aiSGDVavf, howaver, csnnot be conzidered X

th@ praaf ﬁhat red grecs ars rovwdad oy hard Jurtialhs dumping

ot

from the redistion belte IF hese arcs wore provoked by
-tuch particles, then, as has alresdy been mentioned, the red
emizsion of stomic oxygen would,no doubt, be s&ppleménte&/
bylothﬂf‘émiﬁﬂiaﬂs\ corresponding t6 o higher excitation
vpatantial;_ The peculiaritiss of the 1rraﬁxa+ion of rad
.arcs show that it 12 the result of either the high tespurature
of icnoasphsre or sslectlive chemical.raactloﬁs of ions which ,_/
. v . are carried up with ths upwn*a current of air. 3o in both
. casn& the swallin £ the atu gphere 1n the rod aic area is
U postuiatede In addition to thiz,the above processes ey
induce on electromotive force. A1l this taken seperately
P ~zmd in combinatidn. may at¢mulao@ dumping of hard particlcs
o ‘,:from the radi4aion belte LY ia int&resting $0 note that
f r

! _"nu and Roch [;4] report lower éensity of electrons wi i in

i ~th@”red arc arsa which probably proves that there lonotphere

‘, : .v“
[
¢

A
L

[RPSOUR SURUL TS DU
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is highar. : f
K - .. The same considerations as aflfect tha inner belts
| show that the new , outermost radiation belt au@gested‘by
Gringaus, Khrt,ﬁorez‘ and Shkloveky cannot bo the cause
of aurcra eithers Tliis bels is supposed ta,iie in the zone
of-thé in?efagﬁion ef.intarwlanetary plasma or "solar wind" ;
and thevﬁar%h'a geomagnet lo Tield where the geomagnetic
"dipole fi&Td is m@*lauu?J digstorted [55, 55 ] ° Therefore'
”it;ia‘far from clesr whether the u“ift of charbcd D&”ticlem
'  around the Eacth éxiAﬁ snid waather they surround the
E&rth'with agcontinuaus_belt. At canno% be doubted that
the anpnaraﬁca of enazrgstic puftiCl’S in t&lm ares if/
unasblguous eviﬂaﬂcm of tae intar&ct&an of tﬁe 1nterpla’
.  netary plasza or “soler wind”  with the gﬂomagnetvc £ield.
| But this accnmulution of energetic charged  particlas may
belong not to the terreﬂtrial exosphere bub  to interplanet-'
ary plasza or "solar win leﬁoh flows round thc Se0magne™,
tic fisld, 1.6, the above accnmuluﬁ.on of energetic chnrg d
particles is not the Sarta's radlatlcn belte A1l this can
belﬁeterminad'Only by data on the &af’ectlcnw or mabnetib
‘fields,which exist there,from the dipole gaomagneﬁic field
aga Ey éistributiona of plichs nglnb of regintored partic-
1lea, Thié ‘a, noﬂevaf, & Bubject for futurs inve stigaﬁ.ons;'
It would be also @sp@c¢a Ly lxlumtrativa to injesct artifi-

cia11¢ into thiz area char»ed cUrpu”clmﬁ thCn are not

/ prezont in the natural medium nd Lo obzerve thair

- ' Declassified in Part . Sanitized Copy Approved for Release 2012/12/13 : CIA-RDP80T00246A022400050001-7 o
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lifetime and distribution rouni the Sarth. | .
The eaﬁehtial role of radiation belts inz 4im aurora
'-can be rehabilitated by finding compact clots of corpuscles
‘in the equa*orldl plane with the hwln of apparatug of higa
time resolution. The analogy with the appearance of
discrete corpuacular fluxen in '“yed-aurar& silowm us to
. Buppose in'principle»é similar process in the équétorial
plané.‘AVery dense corpuscular clots may remain unobserved
bgcause 6f‘tha low regolution of the recording apparétus.
-¥e noticed something ¢f the kind_in'our above~menti oned
experiment.on the tkird sputnik at moderate sl titudese.

Furthaf,atuaL@s shoulad prodably take into consideratlon

]
such & poasxbll¢by. )
eoently we have no exhaustive data on all the,
details of aursra and acccmp&nying plienomenas. There is no

conclusive theory in this respect eitbmr. Fe are not

-

. - golng to revi@w the relevant modern conceptions (see, d

for exanvle, (57, *%] Je However, it is st;nd doubt that

aurﬁra 'ie one of the moat esaential chain in tha interaction

ef the ge wa*nwtig £ield with the iﬂternlanut ry plasna
{or "solar wind"™ ) on the one hand and of the whole

_electrpeondu0$ing iouiz ad upp‘r ameﬂDh“TE with interplane—

»arg mufnntﬂc Pields a8 well 685 with the gwoxa;netlc field

durin& Lts own circulation, on the othaer [2}] The-effect

of the direct acticn of Primsary golar corpuscles for which

SN
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only polar areas are open is of little ix portance from ths
‘energﬂ*ie peint cf viewe Thc change of the intenwmity of

- ' "~ the geom& netao uelw in say place of ths circumtarreatrial.i

| vi .: space i; a cumulat;va sffect ¢f tue interacting compiekf .
_current Eymtemm'of ths surraunding spéce. it is difficult, :
%herefore, to pacﬁ an exact c@rrwletian of the local v
energ; relmauu of aurirs and the data whl h characterise
the. decturbancm of the 18 gaw tic flelﬁ,j Ghaﬁmaﬁ [(57] assumes
;*hat the ring eurr»n ; of ra&lauiou baltw during the geo™
magnetic &tormw can yr voks in‘tne‘equaterial plene‘lines_
with zerc value of tha gromagnetic fleld which result in |
concuntzatna fer eticns of aurorae ThiseiﬁEQ ig vory ati 1ective-
'“Bah conﬁentr& ad formations develog adrin¢ aurcra at mag et i~
: aliy calm periadﬁ 28 u63¢. Besides durin Saonagne

the latensity of the purti&le flux in radistl on

tic siormg
belts during
- polar lighte becomes lower which indicates that Mtoru“*ix

> variadons depend not op nly on the &rift current in radi ion .

-belts but_mn'other eywt~mr ef cur renta near tnn’“artq a3 vwelle

Further observations are nec»qserf to araw'uor convincing

conclusiondg.

, o - Setting asids the less importaat phencm@nun of

1

'redlation beltp Lﬁ necessary to mike a special stress on

the fact theat huge plenetary emeeﬁy reloanes which eccompany

Some aurores are zometimses even greater than the energies

: 1

P

.
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Ewnlcu are aua]ly thetught to be releascd by the accompa~

nying geom &rn uic Jtorms. A ablﬁtactu;j cor relaticn(of

&ll these facts in vary inportant iur complete unders 3&153

cg ths phenomens ol GUrores snd geomagnet ic “ertu"b&txon
/vince the phﬁﬂ@uﬁnuu oL aurora iz associeted with

the inirusion uf intsnaive corgmsc&lar flaxag of & consi“

agrabie energy into. thy Karth's atmesph@re,é&p&ciéily in

- S the TTEAR - TNt : .
o > pelar a?eab, it.iﬂ natural o ex xp ct corpuscalar dig=~

sociation of the atm@éﬁhero’s mclecqlese This process aay
o lead to'a coneiderable incresso ofxthé regsrves of active
- ~  - - atoms which czuae the fcrmatian;af cgzone and aﬁnaz emiséions '
of the upper aﬁmoaphereo“ T}@ heating éf the uapéﬂ atmogjvzv
phere during uurora Moy incr» ‘ %hé &isz;paaian of uydregé
which must of Cduruﬁ affact. tlz.intﬁnaitj of hydraxyl
radiatzam.\ Besidea,urLast Ble atoms and molecules mag appear
in ﬁhe.ubpa? atmo sphere un ﬂ&r the &“tiuﬂ of corpustiesa. |
Xt'mumt ‘be remembered that fluorescence of setastable atoms

of orhh hel*u& g 3
'SPJQ &1r®acg been ¢cmﬂu in polar 11@nts 14,

[

.§£¢ ¢tive excitw£¢sn of these atoms requires electrong |

with energies of about 25 reve Thus quereacent emissiea
6f helium is a direct @via¢nc of tﬁa eristence of & sreat
numbur of su gca&ctive electrons in the upper aimoapheres.

ALl the prol mentioned ¢
O)!eﬁd mentioned are atlll ¢nﬁuf£1clcnu‘v under-

stood and al80 deserve attentisn.,"

v
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. UPPER ATHOSPHIRS RESZARCH BY Y3ING
| ARTIRICIAL ::.;, TH SATELLITES
YCOLEGS 3" “and "CO3E03 5"
.I.Sguignemt : f S
S Yuel. baloarin, Vel hSmOVEky a
Insti ute of Atmosphisric VPhysicé 7
i; o the ULIR Academy of Sciences,$08¢dw. '.': SR : ,g;
. LTofcbntinua'tha‘résegrc‘ of geoactlve corpﬁéclce beguﬁ )
.in Hay of 1558 by means of the Third wOvielt Sputule 1948 ) 2
| (1, 2, 3), aperfacted evuzpment instellsc in catoiiites :
“'Coamcg %2 . gnd ﬁOSK““ 5 was uzeds These sa.ellites - cre
THREE - 1long'lived weophyaica- statians.]?hey functioned in I ..icude
TrRe s P o ) )
or T 49 'at altitudes ranging from 200 to 1309 km (4)e ach

Sy
s

i s

of these satel?ltem carried twa chargsd Taay susiiclas traps,

et N

S PETECTuR S

five f&su al*ctrcn int¢‘a*ors with Plucreacent screenc and & 7

.'wa cocunter shielded vith Jend and Intended for reblﬂtyrln‘

LR TARC IR

# most hard particles. The traps and the ind lcutcr were lccated‘

outsm&e thm atellite and h 1d different aperture and _utuazl

'

orientaticn. Zhe or;entation of th@ tr pa and .. dncdlcator:
i3 shown in figele. The ar:ow indlcates the axis Jdircoiicn of
the viewing Spertures of thertrapa and the indicator ..
Jort e77%4p0 - The charged particle iraps regist@ra& the total

 current of ion fluxe¢ cna e’ectrun fluxes ¢! cnergies zxceeding '
certain thresha’du. The pwxnuiplﬂ 01 op~rai~"¥ of on - v the .

- 4a

traps ic illus»rated 1n Fige2. Hetal grids o are coutled 10
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v bedy 1. 4 potential of = 40 f preveﬁtiﬂg tﬁe*m&l electronsg bf
the ionosphere from penetration into the trap was applied '
teAgr;dij._ Varisble voltaba Wn;c“ retardea positive ions
wRd fﬂd ﬁé grid 4. ﬁs, @ result of that aamissxon of iana
ef mnergaem béxow Ce 1 T ZeQ = 6,0 ~ 11 xV im‘mtoppeﬂ by

:iv‘turna. iit;ln a pur Lof the txmw spent the gfld was deener=—

.gized and 1t3 pocmnulal relotive to the body equaled zero.»

 The variable voltage mentianea above does not i flu*nca
‘practicallj the electron fluxes under resgarche. Ring caliéctor 

‘15 wag placed in an'inﬁena<va field of perwm anent.maﬁnet Ge
The masnetic fleld sharply Peducn the aana¢t¢vi$v of the
~t'r P8 for el@curons cf energles ae7ow 5 keVe This magne%icF 

) ‘ . L
fleld a*milarly influences ions ox,zne Same Larmor radius

ra
which approximeately correspoads io the energy of %0 eV for
ions of atomic oxyken ot. Beszdea, thv magnat~c fielg,
which was almost parallel tc the surf ac% of the ring collector, ;'
rpatrictcd _eakace of aacondary electraam and photoelcctrons R

of low energiem frow the laﬁter wh*ch arone as & re&ult

cf i radiation of the nollﬂctor by the sunii g“t and carpugclws.
dhen the qup wes di;acte- to ﬁhr Bun, its current. va?ue from
the sllVercoverad.colléctor with the area ol 4% cma reached
apery;mata y 10 11 Ao l’ means th&t the4configarationiof the
ma ﬂnntic field.avpliea re¢uco& tha pLotacurrent from the |
callector to the soay by not lvus thes 4 orders of ma nitude.
On the oth er hanu, the photcuurrﬂnt valuss f@wiatgrea were

,cousea;by ygotoelec»Lonﬁ of comp araﬁianj 1 enar~".1h@1r

e e e
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- for ag¢ial ones. This

"ty dqual to the sum of the sauﬂllltc s b@ﬁy 90t€u

satellite the encrgy of relative
»waalunder'lﬁ‘j eV,

upper aimosphere were not rawisterad. In
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fanaljsis wlll parmlh tv obtalin dinformation of the u’traﬁaolet

'radi&tiﬁn of the aun.'

“The effective ssiid angiec of %he'ﬁr&p for ions and
,electréns of high energy squaled apprcximatelyvl sferadian@ith
regpect to particles moving &t zn angle of 3° relaetive to'

the azis of the trap its semeiti ivity is oaly twice as low aa

&

gnoothed over the effact of rotation

o the satellite when anisa%rcpic fluvaa of corpascles were
registerﬁd.' The scale of the trap curr@nt auplltier permitted._
to register pGuithq igotropic curr&nﬁs inside a2 solid angle

of about 1 steradian within the limitg 0?'5.105' to 5.106
, -2 -1 - e ) T
ion c¢m avsec ater 1 and auisotropic currents with a L

,"'/

narrow ¢l gk — shg ped a‘ siribution wi hzn tL@ lxmit“ of Z.10 ;6
-l
[~

to 5.267 fon op . mect ster * (provided thelr speed is high

-

encugh 1o penetrate the magnetlc field of the trap)- In

ano+her trap, in cant“auu to the one described abeve,gridvé

WASs caﬁnacﬁad to the badg, wuereas & pﬂ&ith” petentianl of

24 V was fed Yo grid Z» preventing from penstration into O

the trap-the iong of anergies‘below 24 ? (with the uncertaiu‘

ul relwoLVQ\-

t0 undi&turbe& environmen? ann the contact potential 61Lfa

ence bmtween the body and hﬁ‘grxd '3)s At the moving

motion of ionos phério ione
th@f&for@ Gralnury'ther wal ions of the.

tedig case the anplifi ep

scale psrmitted to reg gter positive currents of 3.105 to

| Declassi;‘iéd in Part - Sanitized Copy Ap.préved for Release 2012/12/13 : CIA-RDP80T00246A022400050001-7
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-

- e

ster-t
vz.lﬂa ion‘ cmuasec;lv'for the isotroepic flux and from
'3.196~ to 3.10QI ion sm—Q aecﬁl fdr the anisotroplc One.
‘§ZEITNON " ey The electron indicator, who ga ﬁiagram is given in
'_A}Efzxra”  Pig.3 , consisted of thin fluorescent screen 5 put on gloos
plate 6 and covered §ith aluminium © il cheet 4. HetalliZzed
screens SVWith foiis of certain indicators were 7Ted with
'.élﬁositive voltage relativs to the body accelerating electrons
and‘periodicaliy varying in steps. Be&ides'tbat, a potential
of = 40 V relative to the bbdy was applled to grid S‘placed
'after grid 2 conneétad to the body to bar the way of thetmal"/_

glectrong of the ionogphere to the screen. Fluoresceace ofu

|
: :f the screen waa‘registered,by photomultipiier 7 whose signal
o | was amplifiéd and applied to the radioteleﬁetering systéﬁf
with & memory regiuter. The. ampiifiérs were equipped with fine
~ond coarge chamnnsls which providéd forvm@asufing Lhﬁ\i%ﬁensity
within the limits over 3 orders of magnitude. ”
| The ind cators responded both to electrons and o
prbtqns whose renges exceeded the thickness of the aiuminium ‘\
foll sheets A small nart of sofi cqrpasclés was regisisered dué.
to mccidentally thinned portions of the foil. In sdditionm,
electrons wnich did not penetréte the ﬂ;ila influsnced the
fluorescent ﬁcreen$ by A-ray bremsstrenlung.
- hdditional accelerating voltage increased penetra%*v

ing ability of electrone. 43 a result,our indicators were

able to register electrons of small initial energlies. For

— Declassified in Part - Sanitized Copy Approved for Release 2012/,12/13 :' CIA-RDP80T00246A022400050001-7 _



 be registered .in case the

“electrons exceeding 20 ‘keV  the senaltiV1ty of Lnﬁ

109 glectronse At sabullite C %Ow 3 the wltag

the indicators were 2.5 timeu
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ingtance, the indicator with a foil of Ge4 mg cm 2 at an

.aaditianal acceleratian of 11 kY was able to reNimter alectrona

of energies above 40 o7 (this thre“aolé ig uetarmined by the 3

potential at grid 3 mentioned ab0VE) e

Electrons of energics Lrom 40 eV to 7 keV abuld

N » - - -1
2.10% -and,2.105 particle cm 2 sec 1 gter , i.,e. *he

: _ - -1
energy fluy‘bAWinning Irom 2.10 "1 erb em 2 580 1 Btar S
for anerg; 1 keV and about an order of mapnltuae as low

for 40 eV and 7 keVe  However at an acceleratzng vcltage

of 6 kV the sensltivity for such alectrena QGCI@&SLG by more

than 2 orders of mégnotude. With an incraaﬁe of 1n1t1a1,//

energy of electrons the ratioc of aidna7s at'&cceleratimg

voltages of 11 and 6 kV- decrcassde At initial energies of

1nuicatcr
deacr¢bed was comnarabln at all aaaitisnal valtdgms-' The

less ths initial enerzy of 6lectrana ves uh@ deeper the

modulation of signals was which parw&ttad to estimsta thi

28

nergj. At Sutellit“ COSEC S 5 the same volthLea ag belng

appli@d to the ion tran were used for sdditional accelaratlon

568 fed to
ow@r th“n thosa apkllad uG

the trap. At our satalliten use was made of iﬁdiﬂators with
led = 1073 cm = of fluoruccent Jubstance ey (96&)2 [Eu]

e

gcreenad with aluminlum Toils of O. 4 s 10 5 anu ¢ 6 103 and

—
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iaotropic flux exceeded resnactlvely
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-, . . .. ' . 0

(%
Y2 ‘ ¢ . ) . . . -

-3 : :
'{.{;{O : . ’ . ~ ) T . . ) :
\ g ew 2. nly et satellits GCOSNOS 5 togethoer with the

| e

T Toil of L.l . 1070 g en  use was made of fluores»ent sereon
| .\vs.% "10'5 g'cmfa Cthick {mads of 2n3 Cﬁg] ) The compar ison .
e ’ of data of tbe indicators wi J.ﬁh@ foila of different thica |
B ness is an ﬁd&iilcnﬁl source of information abaut the Trange i';
o ﬂ_ﬂ - of particlus hnd, cona ntlj; bout their eneg b]o aignals -
- f*om electrcns and protons wit h ranges eycecding canalderably
the foil thicinens were not "oduluted,when an ahcalerahzng

voltage ﬁas'appli@d. This corpﬂ*ibon permittfd to aistlnguiuh
S
these slénals from ﬁlbﬁml of lowwr energy electrong. . - (-'

\. .

bue to thn spa tia; aiisomropy of ch&rge& par*icle
- B N fluxes in the gecmaunut*c field the o tation of & su%ellite o
o l"v | also causes a typidal mpéulaﬁionjof a signal regiatered.

Electroas 6? pprsyimmunly 1 meV and of a hign»r

,eneruy Denetrate through 'he'walll of the indicator body. )

i
¢

. Therefore thm aaarbare of the inuicatars wnicn for electrons"'
of small enerzy wad quul to0 v 1/12 steradian incrcabwd fcr
hard partic es and alyost reachad a haml'bpnere. Jurin& tnﬁ

\
rotation of the »at°llitm tne mody labion of signals due to thA

'aniootropJ of such an e‘ect*en flux decresszd .an ﬁvco d to \

[
\

be &eep. Lhim c;rcﬁmmthvc& allows to 1&eu,x*j such corwuacles.

B S i&.é rep r@rvntb a )a+tern of thﬂ‘aignal record maae

A}

: Lo by means of one of tﬁ» indicators of satellite OCOSHEOT 5.\ ;

|  ~ The ‘record ravoals two trpes c” maculatLOn. Cne of them is
due to the stepped vaxiuﬁ.Oﬂ of tha ace rating voltaLs and
the other ls caksad by th» "atelliue rotation in anltot&oplc

Afieldgof electrons. - o '

___ Declassified in Part - Sanitized Copy Approved for Release 2012/12/13 : .'CIA-RDP80T00246A022400050001-7
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J o

. *"ﬁfc“ée.lft

SPUI Al
Glugn 4y

|

. ero&ian. Owing to this fact they bacpme poreous and more - |

.__,,'?,._.

Fige5 reprecenta signal racords of the other

oy -

Indicators lns ta’leu i3 satellite CODHOS 3. A
T The a@xcs of tn”ﬂb two inL¢CQthG and the aatellite_—
axis of rotation wers mutually p@rpendigu*ar. The axis of
rotation lied in a planc pefpendicglar to tﬁe,magneticbline
of force (Gee Piged). The data records of thece indicators
have a phasa‘sbiff eqdal to 90°  &3$‘2 waxims within dng
period of ths satellite rotation. They indicate the intensity
;10£ribu€ion accorﬁinv to:the'ﬁaZue of the pitch‘angle,and
achieve thedir rayi“ m when thw,pitch aanQ is equal to 90°'
The ﬂignals shown in Fige. 5 were produced by Very"
herd électroné of energies amo“ntinv to huncrcds of ggy."

‘The exp riments carrlnd out tewtlify to the fact that

by Means of fluornauent gereens and ac coleﬁatinw voltzges

_'electrong tan be snalysed witkin a rather wide range of energys’

If e mb&ulating voltage 1o applied sdditionally to grid. 3 of.

the indicator (See Pig.3) then we shall have an instrument -

.~ registering electrons of any energies beginning from thermal

snea |

‘. flectron indiéaﬁcfs‘with flubrescent écreena are 6f
little Sénsiﬁiﬁity of the K~ﬁmj bremaatrahlgng.arising a:fthe -
expense of very fast electroﬁa absorbéd .either_in the catellite
body or in thgilowﬁr lyiﬁg'at&ésbhé:e;Afh‘s-is'due té the.
fact thet the flucrescent scresns are rataer thin. |

¢n time thin alum vipium DHils are subject to meueorltic

t &nﬂp rente
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. L . .
. : . ,
. -

ma “an' 3 “ l‘ ) . . \l

) : . When ia the srecess of ths sats lita ratéﬁian the
\ + viewlng apertures o the indicslors arve direc ed to th“ Tuny

& signal appears which indicataes gxpoaurse of the yhatbmnl4

e
&=
-
F

© tipllers. Infcrmatian partaining to %

‘r@lative 40 the Sum obiained cdditionalls by zrecianl indicators

z

s

lpermiﬁs‘%o di@t‘ﬁﬂaith macﬁ Phonoiiena and exclude them from
analyais of pig n&la raceivad from corp paseles. Sho
1&&&ching~%ha,aata?1’*ew foils( Ted and'ﬂ.ﬁ,mg ca thick were

Mt ,;ouiu to h&Vu inersaved thelr tf&ﬁsaaramee'by more than an order

PN S 1 ; -
BURLE 7 £ KN 7 ¥ : ™vis e 0 w14 i i
’ﬁ. L€ ) | belore the launchinge xaﬁa.muy_&QV$ @ﬁ@ﬂ cauged by plercing

‘aciion of meteoritic dust.su spended in tﬁe atvaﬂﬁh@%e et .
" Csltitudes of 20 to 200 km ovr by aeﬁaywﬁtiun of the foils Whaﬂ .
’ . . v . oL _ .
S . the satellites enfared ih: VU UuiRe - ﬂavever,&z?? rwards, during
- X ' - » ::k

the flight in the vacuum the inersase of the erosicn of these .
. . - T
K _fullm weg not reco nizede Polls Ll mgoem o thiclk dia

not ravgal &n~ ma rkmd ﬁiﬁﬂﬁ of srogiom 8% &

-

bl

e

Q;;ﬁ {Quhgfkﬁ‘ == - To deLllt&L” the cugpar¢éan of %h data on the'-

Pl

s g0t corpusclas obtained by zeans of uazuzl tey UOSEUE 3 and

A

n B w Rttt R R A ‘ )
2. btfuaq{lu 5 with t’h.rx data of T&ullt%iwz‘l Lalis

b

annil . - N . '
the “alp of & ”_c)umﬁbrﬁ, for car satellites we alsoc used such.

& counter of the é@sigﬁ deeerinved Below.

-,

_’gjﬁtaaﬁarﬁ halogen u"Ewﬁmunt@f CTG* eh él&ﬁd with
. . "";"’v ny s N !
2eid g om o was Inmballed inside tho satellits.The

gzt

glevents of %n“ ccﬁatru ticn crﬁatea 2® aomJLlca ed additi onnl-

Gﬂiﬁlﬁlﬂ& the m¢ﬁ}a‘m,va1ﬁ¢ of wnieh ig a*aut ColB g em®. ;
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satellite orientation -

.

NETEORITE of magnitude ¢ au compured to iua resalte 0* the tepts carried aatq

received  before with
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in the molid aV~1& of abou?"QWT.sterf and approﬁimatﬁly'up

to 25 g om G fron %hﬂ tner airectiona..-

- fronm tne counter the pulses were. applied to the chain

.- cons ictinu 0; 12 trigpers with ﬁotall re whosm reaaings vere

tronsmitted to the radio—telemet ing swuted.'fhe eff@ctiVeness

“of tuas caunt"r for Y —rad ation of ce%0 '(1117 and 1.3% mev)

 reacth apsroximatolv 201U 2 counto/quantuw and for electrons.

of 1 meV about 8.6.10 =6 ‘count s per electr n e 2 The "rea )
of" th@ counter was ncual to 4¢3 cm2 ?ith Jhch.& schielding
the counter yractic&*ly doag not rebvond to eiectrons wao&e
energy is undex £00 knv. At hzwhar energles the aamntar reviat*
er:s 4X‘ray bremmstraﬂ.ung.w1gn 10\ aivacﬁivenaas. Ao electron,
flux of 1 meV which daweleés a ount*ng rate cf 100" c@unta/bec

i equal'to'z.E.ZGT narziola e 2 sec’l.? 31wc trong WhQSu

fencrgj exces ds 10 meV end protouns oyer 5C meV pggg}nwged

e
Pt L Tt A ARV TSI UENE D 05 N A R A

“inte the co"nter. The higg coun tin@ rate (aaproxxm&t;ly 103

PP
B el R aiaihinisd

sounbs /ﬂnc) cver equauor*al repicns mey Lave been caused mu&nly

by protons. whose ener 5y exceeded 50 meVe fncresse of intensity

in high latitadeu was o used *t'leés* pérﬁ’m17y by ‘the latitud’
inal effeck of commic rayte “This incrmb&e gome tines mxbht be
also ¢anected either with sol ar cosaic rays or with X-raj
premsstranhlung from‘réthﬁr nard electrons. Howsver, the lnter;
pr@t“*icn of thb counter ‘s records is not quite of a slngle
meanding » K  A S

L :lﬂ the<éouréeac£ fhe rére&rch the velues of different
‘yoltages feeddng th@{eqnip$ani.®hysica1 condi;ians &t the:

satellite, -currents of sclar balteries etc., were perio&ically'
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u\l‘{)n—

" 1- checked. In £1ight the electron indicatora w;th fluor@scent

sereens were periocdicelly calzhratod by neans of & beem of

electrons from tritium targetss The boam of electrons was

the calibration these -

1M padded by aluminiua folil. During
RIS . . . .
' electrons  wore aucaler&ted by an a&&i%ional voltage of 11 kY

é&ﬂﬁﬁd?””
' - applied to the circuit petween the turbet and the fo;l. The
analysis of this informatlou showed stability of the quipﬂent

‘ubed. This: stability was sp@oially cnmured‘by the éutomatic ’

tempcrature cantrol ln&ia~ he © uellite. _

The subseguent resortscontaxn pravlmxnar' data of .
the infcrnation proceﬂﬁed. Ty
orxentatlan relative to the Sun and the geom agnetbic field &re

still in tho procese of co@putation.vmae informauion about
the atmosoherlc retardation of identical s&tb]l&teﬁ COL;LS %

and_bu AV b presebtﬂ valuable data of the upper atmosphere

' -density in the regicns of thair'perigeea. .

ad
A

N R G T

D. - . - _ S _' R e o ‘ .,., RANRPIN .;:}' u“’%:!"',‘“4"‘,:4'-::.: Bobe A TR s - S
eclassified in Part - Sanitized Copy Approved for Release 2012/12/13 : CIA-RDP80T00246A022400050001:7> h

ne information sbout the Jatellxtma__



-

.

D

- 11 -

“1,‘}7 i SIGURY CAPTIONS

in aat011¢tea COBECS 2 gng GOFMCS 5.

-\ 2o Charged Particle Trap lchene

1) Trap vody
‘2) Metal grids cauplea to bGuy
3) Grid Ted with voltage of = 0 v
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190G nta io & hpe | ; oators
L n of JlCWlﬁQ Aperturea of Tr 5 &nd Indicaters

P
e

4) Grld fe& ‘with varisble valtag& 0155 33 6§ 11 kV—

5) Ring col lactar

3) Permanent magnat

3. Indicator of Lles »rons Scbaﬁa.

1) an&i»atar bo&y
'2) ata"grid coupled %o body

| 5J.Gr1a Pad with voltege of - 40 ?
. 4)nA1uminium foxl O.*; Geb or. i}l?éwfcm“z

g- Toy § g e
, LR AL

5)~F1uoreacent screen

Ao o e

5) Glass plate'covareﬁ‘wiaa Lluorecuer ﬂ?xw
7) ?hctomulﬁipiiar . S ¥

Cut’ g

of 8is~ u‘ l k ’
4e Cn izample of Signala Reeord oo e elTCEs n e 10k

_ofvlﬁaicat¢r Inaﬁa11e3 in Gateliisd O
Sereen ENE |

v.?" ( £ O Lhah,(:.] 4 2 i‘g‘,\ 3 "i:'
Coil 0.4~wv cn 2‘ Lhic e

necord zhowg two types of wod

L) P v:'i’e‘:v‘:. Fe LY W
$ ' T
0 mg ntepped variaﬁian of nz f(TDFﬁsfrﬁ?W=$%
PV AR R E SN ‘:‘, L
resulten Prou rutvtlon OF mivallisn iﬁ‘§ .

R L W g4

of raﬁiatxon‘ . '
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a’

| . | | |
5. Record o7 Signals Received in a tellite COSNOS 3 by mesns

: cf LWO Indicators uhese Axes Are &utually Perpendicular

One of Trecords is'presented BY continuous line,ths otner

by hatcnﬂd line. cecond indicetor has somevhat lower /.‘ ,

. senaitivity. In present cane aVis of satellite rctation

was perperdicular to axes of indicators ‘and mabn@tic_line'
‘of force. | o ) o
B Hutual . Orlentaxicn of indicatora,ﬁxia of n&tel;ité Rotation

o and Diractipn of ﬁd“n&tic Pleld Vector B  for the Case
" Shown in Pigure N o ':
,EE ia the vectorvof the‘kiﬁetic mnmen£ of satellite -
rotat‘on; | | _
' 91 ‘and 6p are anbled of indicators azxes with megnetic
1ine of forcee. ' | —

Reference
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. wzqn’
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0 2, PP 59‘ C, 19)8.l
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ﬁetectioq of Blectrons of about 1¢ keV in Upper Atmosphere

by Megns of Third avtificiad Satellite. Doklady Ac.Sci.BSSRs
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:Yu.ﬁ.ﬁushnif; G.Ajﬁbréovsky. Detection of Elections of abvout

~
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‘ PDe llywlgﬁglgélo .
4o COu?Ano Information Mullutin,ﬁo.lz, pps51~% 53919626

¢

.~

Declassified i _J% . _ oo e e oo ;
sified in Part - Sanitized Copy Approved for Release 2012/12/13 : CIA-RDP80T002216A0.224(‘)O‘05OOYO1 7



I

S

1

Declassified in Part - Sanitized Copy A‘pproved for Release 2012/12/13 : CIA-RDP80T00246A022400050001-7

I

1

Fluorescent
indicator
Foil: Al

0.4 mg-cm"z

'~ Screen:
Sr4(0,), [§vét]
1.4 mgecm

]

Fluorescent
indicator
. Foil: Al
0.6 mge.cm”
Screen:
Sr3(P04)2[§\21]
l.4 mg.cm

.—J_i___':'

2

Fluorescent
indicator
Foil: AX
1.1 mg-cm'2

Screen:

. -.2nS B@ﬂ

5 mgecm

]

Ion trap

Grid
potential
- 40 v

]

Fluorescent
_indicator
Foil: Al
0.4 mg-cm"2
Screen:
s74(20,), [Bu]
1,4 mg.cm

N

Ion trap

Grid
potential

+ 24 v

Fluorescent
indicator
Foil: Al

0.4 mg-cm"2

Screen:
se3(20, ), (Pa]

1.4 mg-cm
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: 1
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1
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! I 1 I . ;
. 21 3, 4.2 ! 3 -
: velocity l ' : | ' to electrometer ;
| | | | —— reter
; ' ot : [ | ! //l ¢ | tuve grid - f
; —_— | A T . : |
; corpuscules : - | | \\\ﬂ |
i » , '
; R S |
t:U-j \' 1
: S SR e »
,. 3 v R, L op i 44 ‘
1. Aluminium sheath f
2. Grids with zero potential 3
3. Grid with potential - 40 v _ L,

4, Grid with modulating high voltage V
which is retarding for ions

5. Ring collector '

6. Magnet system
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velocity |2} 13 ! [
1
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corpuscules [ b ' I amplifier
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N6

V - modulating high acceleration volta

FLUORESCENT ‘INDiCATOR.

- T e e 1 e e e e

T-
<)

3
!
<

+

in stepwise fashion

Aluminium sheath
Grids with zero potential

Grid with potential = 40 v
Aluminium foil

Fluorescent screen

Glasp disc earrying the screen
Pnotomultiplier tube

Paper I, Fig.3

.

e e e e e o o

ge changing

SCHEMATIC DIAGRANM
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Paper I, Ffig.4
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Paper I, Fig.5
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STAT
- GPPIR ATEOCCPHURS RESZARCH BY USING .
ARTIFICIAL BARTH SATILLITAS
- COSHOS 3' and COSLOS 5

V-

24 Boft Corpuscular HKadiation
By V.Il.Rrassovsky,Yu.Il.Calperin,
N.V.Jorjio, Tei.¥ularchik,

A.D.Bolunova. -

- }ubﬂ/?éwLTS __ The fast chargag particle traps described in tpe'pravious
- report  /1/ were inotalled in the artificlal Rarth satellites

"COSKOS 3" and "COSHOS 5. They made 1t possible to record
1on fiuxes of relatively low ensrgy. Leaides,uaing a range
of retarding potentiala and account of the effect of the
.trap magnetic field permit to eotipate the energy of the

~ predominant part of ions; The obtained ipformation pertain-
‘ing to the trap currents indicates that fluxes of positive
ions with energies far in excess of the thermal energy

arec discovared in the upper atmosphereo

"The characteriatic feature of thesas ion fluxes is that

B ]

- they are recorded predominantly from one particular direction,

........... ANK OGS MAL L s ..r..n.»ad-‘..unumﬁ-

i.e. their velocity vector distribution is sharply stretched

to one side in the coordinate sistem linked with the
- satellite. At the same tiﬂe, the ion flux moving from the
opposite ‘direction ism either essentially weaker or even

lower than the trap aansitivity threshold. The prefered

...................

SAENADGTRIE LA B AN AELAUBTIERTLATL WS ACR L AT EMN A 06 P10, 0 N EV & DI OIS FGTIAN  TOR ¢

!
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.dicular to peomasnetie force lines.

The orieatation analysis of. the COS¥0S 3 and
- CoguCs 5 satellitea has not been yet completed; nevertheleaa,
it is already now obvioua that the he direction from which the
above mentioned ion fluxes are recorded, does’pot alyeys

PR L2

, 00123}2?‘F}th tuqmgquﬁ;éyg’Kg&agi?z\zeg?gfuand is sometinmes
| at a con&iderablo angle fron tne lattere. %Then the trap with
| gwitched~on st@pped retardin& voltage was oriented by the
VLIOCity vector the ion signal showed no signs of increcase, -
:hile at the_same tine the energy of the relative motion of thé.
1onospharic molecular ions might increase up to 15 ev (in the .
system of coordiuates coupled with,the satellite and with
vdue allowance for possible contact potential difference |
between the grid and the vehicle skin anad for the potential
of the skin relative to the plasma)e.  Thisg vividly manifeats
that the energy of the particles recorded is of the order of
dozen of ev. | ]

. The absence of simultaneous signals on the fluorescent -
—acreen 1ndiéator'ahielded with aluminium foil and facing the
same direction shows that the range of the ions does not-“'
exceed Qo4 mg cm_2 and, - consequently.their energy (1n case

- of protons) is not over 230 kev. The cumulative data obtained
by using the ion traps permit to coma to the conclusion that

thé ion energy apparentlg may be eathated of SYhe order.of

RS S L N P

tens of ev ana only someiimes for some part of the corpusclés

I i L L

attaina to several keve The ion flux usually reached

4
BRAY '
]
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AapprOKimately 108 ions cm.-2 sec 1 Btbrad-l with the

- meximum reconded values being of tha order of 107 ions
cmwzsec 1 sterad -1 (in cass of the ion flux which is
isotropic within the solid angle of 1 steradian).

It is rather interssting that occasionally ot the sams

‘time with registration of the positive ion signal on the trap,
the'flﬁoreaéent*acreen indicator shielded with alumiﬂium .
foll of 5.4 mg cm72 records the flux of soft electrons ggﬁm
'?Eﬁueﬁﬁﬁﬁéfﬁﬂﬁéﬁgﬁiiﬁﬁ,WithAthe energy not exceeding 5 kev.
The fact that'ﬁhe trap fails to recordAsﬁch elecfrona after it
turns through‘lBOo due to the.satallite_rbtation. also :
indicates that their energy iz considerably less fhan 5 keve.
If we assume that the ehergy of ths above‘menfioned electrons
fdoas not exceed approximately 3 kev,then their flux agrees

"by the order of magnitude with tha simultdneous ion flux.

Z;égc77”g The movement of electronr and iona in the opponite directions

- o B0 4. b TUEMR I AR AT T ok E SR .-,"a”,n. ARPZAARED Y Ll R R Py P T T T

inetﬂ, mossibly indlcates that a certnin elgqtrésalgxiald"igmggaxkz,

ReAVRE P ERRRANVE S WAL RRDRCAREA NMALATRREAY AT
.

able in the logosphere. .

it is characteristic that if such a flux waé recorded
during one satellite revblutibn,it waaluéually'obaerved
_during subsequent revolutions as well within the same range
of lat itudes, i.e. at the points of- orbit specified by the
‘same local solar time. In aeveral case¢s 8 more or less

sharply outlinedlregion of the don flux over the equhto:

m&lntainad for at Ieast 9 hours (See Pigel).

| The orbitra] plane of the satellite graduallj turna mith

. 0

" Declassified |n Part - Sanitized Copy Approved for Releasé 2012/12/13 : CIA-RDP80T0'0246A022400050001-Z



-~

. 1 00050001-7
Declassified in Part - Sanitized Copy Approved for Release 2012/12/13 : CIA-RDP80T00246A0224

-4-—

Trespect to the Earth,so that the moments it passes over g

certain geographical region are ahlfted fov earlier hours

; "~ in the local - solar time. This will make it posaible to

perform an approrimate evaluation of the distribution of the

“descrlbed ilon fTuxes,depending on the loecal tims. npparentlyv

the ion fluxes posseasing the ensrgy far in'excess of the
thermal enerby can appear iglany local time.

The abOVn-mention»d ion fluxes were 1ecor

ded only at

Sl A
L] v»—m-...,,,m. 2T WIAT CEAD T

low altitudes from 250 to GOO km in the E‘re&ion Of the

S et n oA 5 ) W LRy F CARFAWARLLENTECARY 245 VAT 2D SRAMEANR YK wARPS Y HLAE DN GANY GAM O ey

PIFULRER e DA e RS REHATRUY

ionospaere. Pooitiva iond, 48 a rule,. were rccorded at a

PSR INNT T RTTY T TP

given atellite revolution for 3 to 15 minntes. iee. within a

range of thousands of kilometres. It is quite possible that

the observed ion fluxes with the energlies appreclably exceed-

ing the tharmal enerby,pertaln to the system of fonospheric’

™

S ana L currents. On syitching off‘the‘stapped positive
which
voltage/nitk generated  the retarding potentials. one of ths

traps recorded the 1onoaph@ric ions penetrating through its.

magnetic field. This resulted in a strong dependence of the

signal intenaltJ on the trap ormentation with reupect to the

satellite velocity vector even at great heights,

Elé(rlﬂw RESULTY == The fluorescent*scr»en electron indicatura with a

Variable accplerating potential could record the electrons , '
in a rather oroad energy range beg innlng from 40 av. Besiaes, )

such an indicator can record the ions whose range gxcoed o
the foil thicknesa. |

N

R L

il i‘h

et ' I 00050001-7
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Let us first consider the results pertaining-to

low-energy electrons (not exceeding 5 to 7 kev) and medium =

Dt At TRk e

energy gloctrons (i.e.of order of 7 to 50 kov)e The signal
gensrated by such elecirons was appreciably modulated by'the
vaccelerating'voltage.‘and'thé'IOW?energy electrons ware recorded
practically only by the indicator olilelded with foil‘0.4:mg em” 2.,
Al @&t the maximum écgelerating voltage'of ii kV while the
medium'ehéfgy »eleétrona were .recorded, even ét lower accelerét‘

ing voltages. The electrons with energics below 5 kev are

et} A IR Pl I b O DT o KT B

recorded rather often, but sporadically. Their energy flux
cometizes reaches 0.1 =1 erg cm-zlsec-lv steradian -1 (assuming
the electron energy is 5 Xev or 1 kev,renmectively) At
thpiC&l Values the flux i approxia&tel; 0.03 erg cm 2 seqfl

steradian -1 if the energy equals ' 5 keve The variation of

"t such electron fluxes due to height as weil as their anisotrﬁpy in
the magnetic field e>reatly differs “rom nimilar characteriastics
o? other types of coroubcular radiation available in the :
atmospherea. Both'thwsn intercennected characteristicas are

highly variable, with the fluxes of &uch electrona bainb nearly

TSN ey

\ _isotrovic on the aversge &nd tnelr 1gt

». ;»k&n\.;si( AAB LSOV Tyt T i b A b B B T o 8 41

ﬁﬂsigy ia slightly .

A W £ A, ki Pt

dependent on height. The sxgnal generated bJ the electronm

WIANAR W“u—.n

ko tw i B S YA BPTINY D BT T ATV AT N WA S WA RV DT DTN N0 D G VDM N ¢ EB DS B

posaebsin* energies lower than 5 kev appear at all the latitudes

[ a gt} € $rad-a b A 2t fygtgﬁ'hblumi\lmqib?ﬂnaov" €N ‘02%0«’«“”\\77“,&“‘l"IWAQWMP:‘!’lmwﬁo%hh‘ini"ld»vl” RPN TR g LR YAty B

and even ovar the equator- The characteristic feature of thess

1 : s At AU D i i S RS WA W ECT Dy W e $RDOTTE TR AT G DI TIN o W T D G TV 51 £ AN 1.3 4,47 B Ny Cod BN Al S P W G R Hal Y

\_ » electrons is that thay are recorded mainly in the illuminated

R A L BT OB SRR A TR LI TG W0 o P 4D Fop 6P TR AN FABEP My Nmind ’“‘"ﬂ.‘"‘“ ATTRALPOREFA €2 VoA I ST LATRO S M0 FRAUHTANKGE § P G € F R iS4 S0 N

| ‘ region of the atmosphere. Their intensity on the night portion

‘:» S of the satellite‘ofbit 18; as a rula, coﬁsiderably lower than

7

: ¢
SO
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that on ths day portion of the orbit. Often this corousaﬁee dima
disappear at all seVQral minutes alter tho batellite enters
the reglon of the Zarth's ashadow.

This information was obtained mainly hy the use of -

hemory data=storage facility of the satellite when the aatelii' :
- | te = borne fadio‘tr&nsmitter used to transmii'the'telemetf )
riaal-informaéion wag switched off and only the‘IOW'bowef
transmitter "mayiak"‘ was in operation. The natura of the

DETECray signuls detected remsined unchanged when the more powsrful
FLELTRON | ‘
Nour
ACCELERATE D »
BY XrirTen thnfmal lectrons of the lonosphere accelerated in the variable

transmitter was switched on and off. This permits to aésumep_

thot the electrons recordad were not merely the ordinary

f;»las of the satellitc‘borne tranamitting antenses. It can

not he excluded that the satellite moving in the illuminatcd

portxon of its orbit also records tne photo a’ectrons oriéin

&tlng either in the illuminated reglon of the ionosphere or

emihted from the "llayiak" tranamitter antenna surlace which .
. . ig within the fleld of View of the fluoraacent'scr&en indi-
- cator. However,such an explanation is not valid for the night
portion of ths orb%t;' '

The medium—anergy electrons (approximately 7 to 50 kév:

ﬂ“»ﬂ*r“w"‘mmw&w arur..nw_: R I ST T OS2 ST s g G 38 5 N3 Y N e k-

. tudes. Thelr intensitly dependence on latitudes i more defi-'

nite than that of low energy ¢lectrons,and at altitudea below .

ot Vol R N L At R Vi

1600 Rm they abvbar only from time to time. No medium‘energy

sine

AHTCL AN AN DR P g U g X ANV DT T WIS KT o a0

- /
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¢lectrons  are recordad a%-gltitudes‘baloﬁ T00 km in the
South—itlantic magnetic anomaly. However,in some cases - ?
such corpuacles were recorded at low and middle latitudea,: ;
at approximately 1000 km sltitude where their flux amountj'f
ed to gome 106"electrons‘ cmﬂalsec_l steradiannl agaum™

ing the electron energy equaels 40 kev. A8 & rule the

anisotropy of such electron fluxes is more diatinct as
compared to that of lovw—energy elcctrons. ln additlon to "E{
o o the above mﬁntioned dlstributicns of tha electron.vblocity
vectcrs typicel for the corpuaolea-trapped by the geomag™
netig rield,many cases were reccrded when the shape of the
anié%rovic distribution of the volocity vectors was an .
-gvidence of the invaalon of considerable electron rractlon
into {the dense mtmouphcre. Thiu pnanamancn first detected
in the cOurse of upper &tmoyphere research bv using the
4aro1inLal Sarth satellite " putnik‘;II" in 1958 /2, 3,4 / )
and then confirmed ~ by ¢ Brien /5:6 and 7/ using the data
obtained from satellite’ "Ih*un‘I" in 19§l,ma' c0ntribute _
to the energy'balance and iouizatzonvqf the upper‘atmos*.;'
shere  /3,4/.- | ' :
” uesidas the above“mantioned fluxes of. alectronm whose t
slgnal was to a censidarable extent modulated by the variabb’

accelerating vo’tage, the fluore&cent*ucreen indicators f

‘recorded the particles posssasing higher energles. Thalr N

Al AL B J et Y TIANRRIGR BN !hw’xr’nw&nntr’r)vm“v

‘ slgnul was subject to modulstion merely due to the satellite

- Bﬁécl‘assified in Part - Sar‘1iti‘zed Copy Approved for Release 2012/12/13 - CIA-RDP80Tb0246A022400050001-7
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rotation.The distinet anicotrppy of thesze particles with the
maxizum intensity at the pitch—angles equal 'to 90° ,» and stabl-
1ity of their intensity indlcate that the particles have been
trapped bw the geamagnetic field- The traps recorded negativs
| - - currents simultaneousIJ and in phsse with the signal variatxona
of these particles displajed on the indicatorse. This leads to
y o ~ the assumption that the fluorescent-screun indicator signals
| | which are not modulated by the stspped accelerating voltage,
Cwere Lenerated by the electrons whose energie¢s range from
appraximately 50 kev up to several hundreds offkevr.but not
by protons with energies in excess of 200 % 500 kev which
can also penetrate through the aluminium foils, Now this
conclusion vill be considered in detail. o
lhe signel ratio of the indicator and the trap at
the pitch—angle equal to 90° as calculated from  the calib-
ration data and their geometgic7factors,differﬂ by not more
than 40 per cent from thé-indicator"fo-trap'signal ratio measur—
ed ia the South Atlantic geomaﬁnetic anomaly. Now let us
assume that ths electron flux with energies exceeding 50 kev
(lower energies ars impossible since no- modulation by the _
accblerating voltage takes plnce and tha sens;tivity of the
fluorescent—screen indlcator witn.fbxl Ov4 mg cm 2 11 is
higher then thevtrap éensiiivity) is aaded with the flux of
protons with- anergies exceeding 200 % 500 kev whose ‘signal N
displayed on the indicator is’ cowmﬂnaurable with tne aignall"

| produced by the elactrons of over. 50 kev anergy or even excneds ’

s

¢

S
v, PR
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the latter zonnlderadly. .U is otvious Lhat the incicator

Slgrnal cheuld wirkedly insrecss whils the gativa current of
the ras recording the algedraic sua of zlectron and ion

correata will, oa the cosbrary, decrease. Gan% Te0E Jtl",tneir
satls i*l 1o a usn31derab1e extent increnss and will d;”far
rom the reuults obtainid la the South Atlantis magnetic
zaornlys It should bs also taken into seeount thet the fluszesem
sant-acraen inéicator a»nsitivitg to the protons peneireiing
ﬁhrca;h the Poil As rather high, i.e ; the energy release ner

one prct&rrwﬁta the energy over 200 kev in the fluoresceht

sere an and ;tg Lzrho oulpul pezx per unii energy greatly

sxeerds The oizillar valuss obtainsd per one =lsctron with the
saer;y in excess of 5C kev. Tharsfore, ev.s a napligible (as
sompurﬁd with the electron fluxy) flux of stotung possessing

the wenewplies reniioned  above ‘or the fiux wl sors mthér ions)
would Lave significantly changsd the si@ a2l ravils of the two-

%

pick=-uns. ’Hgnce;at aiaitudée un tO'?OO km 1z the South

oo I G b

“tlantic marnetic &n oma*j the proton flux is negligible as

ok AR A am bbb o b R DR T L TR R
i ke TR £ S PITENUN Cstdawern y VA COATIR S U AT RAR LA L RBRS B FD A g arn, b e YT AT AT I gt

compu rtd wit* ‘the flur of electrons.

L Qﬁly approximate energy evaluation of these electrons
can by madee« 48 has already been stated, their energy exceeds !
50 kev, while the omniuirectional fluy reachan . Se 107 particles

—.2 | -
cm sac l‘ Ty

(6]

deep signal modulm;it:zx:. will tue satellite

rotatiﬂﬁ in the anisotropxﬂ raaiation fi@?ﬂ spowe that th@ !

energy of electrons does xnot eyceNd 1 meve This touclugion

-ug; rate o8 the ahielded

~is in accord with the fact that :the courni. i

'
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Eietrroy
COUNTING RartE

Com TouR s VER
Sovtts 47LANTrC

~due 1o the height r?uc uationd of the surf&ce these partielas t

K> 4 .

=10 -

G-¥ counter was rath°r low at th@ pertinant txme Aintervals
(Fige3)s

——  Pigs 4 and § show the iaolin“s of electron'flax intens—

- ity with ensrgies in excese of 50 kev over the South Atlantic

mugnwtic anomely us meesured by uesing  the "“C 14Ga - 3" satel~

‘1ite for. the period from April 24 to May 1u,196 . 1ha height

cf the cross’saction surface is appro: imately 65U km. ‘The

valus a i:dzcated close to each iauline are expreassed In the

. -1
~unite of the omnidlreﬁtional electron flux {cn -2 sec ) when

multiplisd by 6.10%.
- The isolines chown in Fig 4 vwere obtained by us lng
the r»cords taken during the pericds when the ma grnetic .

xcinaex wa3 below 4 winile the linss represente” in Pige 5

‘take Into account alse the resultis of measurement taken at

#/

"hen taking into'account the satellite révoiutioné_-
measured during the periods with large K-index values, tne
intens sity igoiines b@com@,more curved and ols:lacpc.,Thﬂ
obaervad displacement of the isolines does not nﬁceaaarlly
indxc&tp the increuae or ducrcasﬂ of the total amount of f

electrons trapped by the gAOﬂagnetic field. It may &’60 be

ars arlfting cvar or due to cheanges in thelr conpo@ltion and

'energy onectrum-

%/ The K?index Valuea are taken from the ﬂata obtained by the .

Moscow stagtion (IUMIZAP).The satellitu revoluticns at X >4

refer to day 5‘ 196?.'

. e .o ' Lot . oL L T /
" Declassified in Part - Sanitized Copy Approved for Release 2012/12/13 : CIA-RDP80T00246A022400050001-7
____ LeCIlassitied In Fart - oanitiZeq LOPpy APPIrovead 10l rRelease LU 14/ 14/10 . UIA-RUDFOU VVZ40AUZLZ4UUL

L




. ‘ Joa 12013 : C - 0246A022400050001-7
| lassified in Part. Sanitized Copy Approved for Release 2012/12/13 : CIA-RDP80TO |
Declassifie - | .

Similer crosa=sections plotted by using the data

obtained from the shielded G~ counter which rgcoras mainly the

agotdpq possessing the energles in 82Ce53 Of 50 mev,are illust“

- R TR B W N 20 LTI 1 koAt T e e

rated in g separate report /&/ igﬂ ﬁnaoe of is solines ang

SUDAD. e e s e ve

e LY.

thz p ud7lﬂum 7ux lntensitj region} of Jthesge Ao _geoups.of

particles are dif*wreut.

v

Tine > It is rathur difficult o distin5u¢sa between the sbace‘
VARLA T , . | o .

S : and time varzationa (and the results obtalneu are not alwayg .
b= IJNT;—‘HJ/T;M N

sin&1a~valued) For better presantation of thu values actually
obtained during different sat‘llite revolutions, g Figs,s _én&'
- 7 show aeximua fluz intansity poznts Obﬁdln@d by using the
fluoreggrn~“mcreen indicator data (v ank circles) and the G-
counter data (solid circlﬁs) with the &ltitudﬂb indiceted in
the grephs in km. Dashed linsg refer to the satellite revolut~ .
‘ions with KX ;>‘4  (Bee. Fig.s). Apparoutly, the ralative |
G¢isposition of gorpuwclas of diff&rent wroups variea even fn>m
one satellite revolution to anotn&r. It im Possgibly due to
certain peculltr chdracteriutics of the uowth Atlantic geomag= :
- netic anomaly reﬁion. | '
Table I gives wome data on the corpuscular radiation _
intensity ag rather Iaw altltudes within the 4 499 latitude.
The,taaulated data indicate that pr»dominant at low' altitu«as

are no» the prctons with énergiss > 50 mevy,but some other

corpugculgp radiation of.;gwor energy.
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Sample Fluxes Reglstered at Particular Locatlorse .
F - onnidirectional number flux in particles cmnzsecAI;
P - omnldirectional enargy flux in erg cm 2 mec ©
Time Coordinates , Type of pariicles
o ¢ A Protons  Electrons iHlectrons
xm. degrees degress S 100kw EL5 kev
B >80 Mev - {assuming
. (omnidi—= isotropic
(omnidi= rectio=  distribut-
rectio= ' nal) ion and
nal ) s = Xev)
A Lel 1962 .
' num
--19 h 2 m her
. 7 - flux
B 150 2,10° ° 1,107
_ener-— o
£y
flux
‘ a2 .
:.) 1’201\1 5 008
3 ¥ei 1962
- num=
‘. _ ' : - flux
' GHT 1520 19 S - 10 B .
F . 820 7.10" 2.10%
ener=
&y
flux
. ‘ P 645420 % 10 1.6.
ot it Srofiorit e acdiv et o At W il it o T e ot B ol o Rt oA A il s S bl Mot By Bl s :m::‘:;::;.«;‘:”»:'Z:L:«ﬂ SETRATLLT
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Captiong to Figures

Pig«l. Exomple of Recording of Soft Positive lons by Using

Artificial Barth Satellite "COSHOS 3" on Apeil 25,1 902.,.'

Sate lite orbita ara shovn by dashga lines and erions-
of recording positive ions = by solid linus.lrlgures
at ends of solid lines indicate eltitudes in km.
Pigures in circle~numbers of satellite revolutions, e
Showm at the right side are the same regions of ‘ “
positive ion recording, with the longitude transformed

into the local times

b
-

(2
°
N
L

Record JPattern Ubialned by 60! CEOS 5" uatcllite by
Usin Blectron Indicator with Poil Ged mg om "2 gnick.
Glgnal modulation by bteppea aucalerating valtage |
is evid@nt. _
Plge3s Puttern of ignala from G- Counter (ao’id lina)
| and Electron dndicator (dashed line)
- Y¥=axis shOWB G'ﬁ counter counting rate in logarithmic
gcales. Slectron -indicator readings are given in arbitra'
Q‘, o - fy unitse Maximum flux of eleﬁtrons-is 155.105 ieléc-
T trpns cm-z segfl stefadianﬁl 'in case their energy 4
E = 50 kev. |
fMgede Intenéity'lsglihes of Zlectron Flﬁxéstbver Sout&
Atlantics for Moments with LQﬁ'GeDmagn@tickﬂqtivity

{ K}<i 4 ). Units are as shown .in Pig.5.

]
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2ige S¢ Intensity Isclinzc of Xlectron MNuxes over Scuth -

Atlentica. Intensity values near isolines are
' . P .2 -1
exaregsed in units of 4.10 particles cm gec
gteradlian 1 agsuming sleciron energy equale 50 keve -
Figs 6 and To fatual Arrangement of Jadiation Intensity
Yaxima Réco:ded with G=¥ Counter (solid ecircles) end
Slectron Indicator (blank circles). Zack point is
accompanied by height value in km of appropriate .

pazimume
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Jsitute of Atmospheric .o.@ics .. nw

Lt Acsdemy of Sclences, Lnzcow.

.
PR P tt 1 v - Fem
b s " . 3 and \JL' SN0 3 5 * artiTioian A0 L
crtel o tus corraed  ges gelger Lives of CBET5 L0 nlelded

ar
by 34 g/em”  Pb 4 0.8 2 AL fup vesording of peneiratT
iag :gﬂ_vg;QHf fuck a sll-lding  reduce ﬁhe:ﬁugn*r of
raedisv: . . sus ersating el nlficant countsn: v isie.

e rallate the range of el=uitrons in tb= r:\:s_;:;zoaite'
sulels . i¢ convenient to replace it by an sluminivm suzel
568 gr;;ma . i.ick,which possesses an equivalent absording
powetr. (hls va?ué corresponds tu the extrapélaﬁed_range of
ToeB v electrons and the 50 % tronsmission thiciness for

e inerp.. bremssfrahluﬂ¢ ﬂ“ntributlon from electrons
uth energies loo3 then 10.8 Hev is determined using the
¢ ficieney . .. {(Fig.l). The left~hand scale of the
Imaxl: -~esds o.: calculated efficiency of tiefgeiger cdunier,'
€ . f{i.e. the ratio of t' wcounting rats <isus
to number of electrons imcident Lo I -7}, whil:
K~axls shows the energy in kev. .. .. rison . ut points

cbiained during laboratory callbratiocn of =z similar counter
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are also shown. . The curya tend within the ener gy reglon .

of 1.5 to 2 llev domonstrates the growth of the bremge Ly
siraeklung intens ity for such penetrating through the . :
satelilits éluminium 8hell end ere slowed down in.the lead
shield and other structural elements of the satellite with

intermediate Z; The counter efficisncy curve may be uéed
for determining the Plux of particles K (3) per cﬁg'per
Fec. of energy I which.results in & particular counting
rote. for example, & flux at‘which.the counting rate equalg
5C0 ccunts/éec is determined using the right~hand scale of
—axis (Fig.1). Zrotona penetraée through the same éhield
beginning from energies of ~ 5C Mev.

2]

¢ ~
&

results of ~counting rate meassurements sermit

G
0

16
distinguishing two reglons around the Savrth ¢ I - & mhell
¢lose to ihe Earth where the COunting rate varies from 1.5
counts/eeclat the geaﬁagmetic squator to 15&20 counts/gec
at  geomagnetic invariant l&titudes of 6¢° */f II = region .
of penetrating radiétion with a sharp lower boundéry where

~ the countihg rate axceeés 25 counts/sec. Thisg region hog
been identified within latitudea of + 50°. No systematic

growth nf the counting rate has bean recorded within re; sion” I

®/ H@reaftﬁ?"geomagnetic in?ariant,la%itude",is defined 2e an
engle between thy radius—vector of the point in opace from the |
counter of the Jipole and the equatorial surface. (at the sams
value ,»/} of the real geomagnotic field cox puted in [6].

The angle lies in the geocmagnetic meridian planec.

t

p)

.- oL T ‘ ) . P . ‘_ P . - -; R . ) - _.‘ 0001-7 o
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(at low counting rates) during the esceant along the line
of force,whlch meuns thet the mejority of the particles
recorded are n¢t trappsd. Lei us consider ths cosmic ray

contrivution to the measured counting rate. The prisery cosmic

ray intensity varies fron 8.3 b4 10“5 particles cm‘ZAsec 1
sterad at geomagnetic equator 1o 1.5x10~1 particles
-2 -

cm  sec * sterad at 51° latitude [1] « witha mean counter

- geometiric factor of 25 cm2

- gterad for isotropic radiation
essuming no shower formation the counting rate should very
from O.Z counts/sac-to 3.8 counts/sec between the equator

and the 51° latitude,which iz 5 to 10 times as low as

recorded counting rate. Lueh an excess of the recorded count—
ing rates over the "cosmic ray background" may be due to
ghowers [rom primary cosmic ray'particles formed in the
satellite body. A similar counter withvs g/bm2 hielding
insua’l d in the third Soviet space vekicle /2/ recorded

< minimum .éounting rate of 3.2 counts/sec in the equatorial
region at‘gimbl@r’aititudes; i.8.twice éalhign as that’
recorded. by the satellites *Cosmos 3" and "Cosmos 5". ThiéV
may be a0°ounteu for. by differeht conditions of shower
formation in tnw'satellite body . | -

. How consxdcr region I where the counting rate grows
from 25 counts/sec to 50u count s/s2c and up. The recorded
radxatlon is trappad b; tne geomagnetic field since :

1) in’ most caaesvit(waa obzerved that the counting rate
underboea modulation b&:a factor of Saveral times with the
/ \“ .

1 ¢ . Y
SN ) . li
I A A “.)-“\\

€ oo
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satellite rotational hal;'périoﬁ dug to different shielding
(frum maximud of about 25 gr/Cﬁa to minimam of 442 gr/cmz).
&8 well o3 due to change of the counter axis orientation
with respect to ths line of forces

- 2) radiction intensity varies systematically along

Lhu line of force.

{"i

Les us consider the compositi on of the radiatio;
recorded by the coanoe" in this region. Fig.l showg that
the counting rate of 500 counts/gec may bo due to 1 iev

- . 38 : -2 -1
electiron flux of 1.2.10 rparticles cum sec oxr by even
higher electron fluxes of lower gnergles. Since fiuoreacent -
=screcn indicatoras at ﬁﬁaﬁ tine recordsd o such high alectroa
flﬁxeﬁ, it mey be conclunded  that the contribution to the
counting rate of 50C counta/ sec of the Lremsstrahblung from
the electirons of lesa 5hag 1 Nev iz significsnt. Similerly,
for creating the same counting rate the monochromstic flux
of 3-ilsv and B% 6-¥ev electrons (waich sti11 cannuot nenetrate

through the udl'*d inuo the counter) should be of 4 x 105
parte. c::;.2 secnl and 106 part;-cm—z sec L respectivelyg
slectrons possessing  such energies penetrate through the
valls of the fluorescent—screen indicators end can be detected.
In many casesn the fluoresc ent"SQreen inuica*cr" displeyed no
gige

signels al the times of the geiger counting rate of 550

counts/sec. Sinces thelr detection threshold for electrons

cof ﬁucu encrgles i below 104 part. cm e gete., the above

mentioned Tluzxes would have certainly been;detected. It

r -
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becomey evident, thereform.thut the counting rate ias the
regioh where t}appef particles are present,is caused mainly
by pPenetrating corpuqc’es.‘”ince none of the measurem ientas
taken as far away as several {housand kilometrea frem the
Barth's surface iu letitudes up to 40° recorded electrons
Domﬂeasinﬂ guch a pen dtrating powar, the conclﬁaion may be
drawm that ths countsr records mainly‘penetréting‘protonz.

from the results obtained by Preden and Thite /3/ end by

Teugle end Xnif fen /é/ it ‘@ey be deduced that within the

cozparable region of apace the trapped proton flux witﬁ
energy excaé&ing 50 Hév reaches 40 pert. cmbzsecfl gterade.
#1th the counter gecmetric fector of 25 cm? steréd ‘the
countiﬁ& rate should be approxizately 1000 countu/sec- which
e clo»e to the value recorded.

The lineg shown in Fig+2 connect points of equal

ccunting rates obtained at an altitude of about 650 km over

the South Atlwm tic. The 8hape of'the.i&oinﬁensity curves
is quite'similar 0 the lines for equal values of the module
of total magnetic field at this altitude. /5/ |

To dmtermlne the position of the trapping region

boundaries, +the points of the counting rates of 25 counts/sec

~and 500 counts/gec are plotted in coordinztes B"QP sy Whers

5 = ths geomagnoetic fleld vector in gauss and P - tne
latitude of the point defined .earlier (fig.3a). Values

of B and Qb have been obtainbd using the data on the

A 0y
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/ | a5 -
earth's fielq gafmonic expansion with 512 coefficients /6/.
The mcattering of experimental points dependﬂ to a conslderable
eytent on the error in determining ths m&ﬂiwum counting rate
at deep modulstion due to the satellite rotation. The Rean
curves have bsen drawn to aeocrlbe the obtaineu distributmon.
.Soiid‘lina corresponds to the counti rate of 5C0 counts/sec,
C the dashed line = to 25 counts/cec. hcn the se m*an curvbs A
- .pre r»ulcttad in COO”ulngte? H=- qbf%ﬁg. ,b), where H -
winimum helght above the Zarth's urface,which is reached by,
the mirror point of 2 particle d;ixtin arcund the Sarthe.
;hesu'ﬂlnimum belghts in the Southern Hemisphere ars located
apprcalmncalj along the 30th meridlian, westera lopgltade.
~ Plgs 3a and 3b show that the lower boundary of the
~trapping region &t l&titud&s up to 159 = 20° ‘below 500 km
-liu uatermlnud by the atx capauric scatter¢n& and at higher ,
latitudes it runs ' along linea of aqual values of the magnetic
field vector. | | |

{

It is welltknown,that when deacribingrthe mOVemmnt'of

charged ﬁurticlas in a suationarv non“uniform magnetic field

using three ‘nvarlanta of wotion, asuch as

S* v-'magnctic moment, I -longitualnal anariant and

QI - flux invariant, at leaat the follow;né requlrement

nhou1 be met ¢

R /grad B/_<‘<i

- Larm ,

Smn AL e A 8 o Lmp e T b
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'ia not met for recordad protona,as this value 18 of the

ordexr of O. 2 for a proton energy of 130U “uv. Tnsrefore.the

movement $rajectorv asn hargl o o s l |
J woern bharg? - accuralely enough

uelng the three invariants wo... .4 cuone . Pigs  3Za ahd 3b

suggest the idea that the particl ss might drift in the

| meridional direction along lines of the equa‘ value of ]Bl;
/ )

In conclusion the author wiuhes to expregs his

appraciation to V.I. HT&&SDVS&J for guiﬁance and to Yu.IQGa1°

; perin for advice &nd direct asbiatance.
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Piliprpures

. Pig.l. BEfficiency Curve ova'm Couhtef

Points are Results of laboratory calibration.

Figs2. Lines of Equal Counting Rate‘ét-altitude of about
650 km in South Atlantic. |

Pige3. LocatiQns of Equal Counting.ﬁaté 25 counts/sec.
and 509 égunta/aec5in Coordinates:
a) 3B, q’ (B“_magnetic field vector at the point
of measurement 3 qb - geomagnetic invariant
latitude (see text) ;3 |
b) H, CP (# = minimum altitude above the Earth's
surface in kam which is réaéhed by the mirror peint

while drifting around the Earth.

/ .
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o . S.N.Vernov, I. A.oavenka, P.I.Shavrin,
| - L. V. Tverskaya

{ | THE EARTH AND RADIATION BELAS STRUCTURE AT AN ALZITUDE
| OF 320 KILOMETRES

Abstract ' -

According to the 2nd Soviet Spaceship-patellite data,
the intensity dls%rlbuuxon in the radiation belts on the
drifts sholls at en albitude of 320 km was Studicd.

The dependence of intensity on longitude, for Various

‘values of shell L parambber has been obtained. _

The change of intvensity as a function of longitude has o

) been discovered along the lines of equal B (B denotes magnetic
field inbensity), | |

The conncction of intensity with the structure of the
real geomagnetic field has been %racea. The tempobal intons-

- ity variationd are also discussed.

A >

Analysis of spatial intensity distribution in the radio-
active belts at low altitudes is considerably hard to carry
out becausc of quite a number of circumstances., The fact,
that the geomognetic f£ield is not that of a dipoie causes an
advefse effect at low altitudes. Whereas for the contral di-

: pgle the equal B line at all longitudes is located at an
| wniforn altitude, this altitude strongly depends on longitude
for the écal;éeomagnstic field. By this rcason while their
longitude arift the particles come to vegions of significantly

variable aﬁm&sphcrie,&ensity. As an example we can point out
- that the altitude of mirror points in the South hemisphere

1
|
I
'
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varies by more than 1,000 kn depenuing on longitude, while

the atrmospheric density, accordmg o / 1 /s varies by e
times at a distanco of 100 km, S:I.x?.ce atmospheric dencity

at low altitudes is high tho mean particle, lifetime, related
to the downward diffusion can be shorter than a longitude
drift period. This will lcad to the appearance of longitude
depenaencc (longitude dependenco is undersiood as a dependence
of the intonsity along the equal B lines on longitude).

. In the presence of the longitude dependenco the nethods
of presenting results in zﬁéIlwéﬁn’.s& two—dimensibnal coordinate -
system By L / 2 / is naturally inapplicable as in this case
difforent intensitics from differcnt longitudes will corres- .
pond on the graph to thoe point rzi’t:h given By L.

The reaults obtained at the 2snd Sovict spaceshlp-.aa'beb-
lite / 3 / show planctary intensifty distribution registered
by luminescent counters at an altitude of 320 kn and ensble
to trace longitude in‘t;ensityv dependence .on different 4rift
shells, | |

7o a drift epproximatlon the léading centre of a charged
particle moves in a magnetic trap dx; a surface which consists

- of the picces of magnetic force lines and is determined by
the conditions of con.stanc;y ai‘ magnetz.c rorent and of longi-
*'Judinal :mVarian" '

L | |
where the integml is taken along a magnetic line of force
" betweon the .iz-oflectibn points 1 end 1%, and By is field
intengity in mizror poi;its. "
Generally speaking, in an asyrmetric £161d the drift sur-
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cond nic oboozvede Thus In this rogion the mean intensilty
s concidezebly louer Shan at the Loft.

(3 iﬁ 15 seon from the shupe of the curve dopoundonses
‘o2 B on 1o ;3iﬁuae fov the cane drifs surface are identiceld
In considerzavle anterxval du thoe regions at the ieit ard at
the risht, wihilo sntenvitles aze different. Thdo inGicates to

the exiatenco of longitudal depcndencs alon? tihe dines of
gauni B o such recult s oulbte notural asd cleare On the £ine
; o . tae uon*inaovv curve puoaenis (opsndonce ea ienzitulo of cae
- oPics Lor B = 2,5 in Southern henlisphere. The
cuperinenial poxnﬁs hish this L:aJecye*g f“” 38 8% an & “iﬁudq
2 a + tuc longitudes 270°% and 76° ot
ihe left aod o Lize vizat of gnomaly respeciivelys
' The dogh-fet® curve 2 shows for comparlsion 4Gpift troe
joctorics of conjuccted miryror polnts in poxiiern her niophere
Iy ¢on be seon Teom fize2 that the mirzreor points of particles.
ilocuted af the rizht and ot the left of anomsly ot an aliilude

Y]

¢f 320 ks cone waler She pgrournd level 11 the znomalye

' Y . o .
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i

ttselfs It is nabural thab on the way out of anomaly intons

' sity at the points at the right a%”éﬁ“altituae o2 320 Im is

almost sbsent and thab during the ;ongltucio drift particles
from ):ug;h al‘b:.‘buae.a have ¢time to &.c.i‘i‘u.se to these altitudes.’
It is noted that in thoe reggwﬁ of 1onun.tudea at the right
of the anomaly the background was prackically registered for
ali L on 5 sPires passing at nie;h"" from tﬁe Worth to the
South, and the points with intens 1%';; which differed from zero

' we obgerved at the same lozw:;.tme on 5 othor spires passing

in the ae;y-“bime £rom the South to: the Borth (local time is

I

implied). T I
It is impossi‘ole'," howevery 0| speait with confidence aboutb
the px-escnce of Gaily wariations smce measurcnents were car-
mea out for only 1 day. ;
0 Figel the points for Im 244-4.5 ave plotted. For all
there L inbtensity at i;‘rie left remains higher than that at
the right, all L at the right having the points with intons-
ity which pit'ac‘i:ically dees not diﬁ’far from the ‘background.
Tho outer belt maximum is on L = 3.5-4,5 with the data
available one does not succecd in determing it with greab
accuracy. For L= 5 mtensz*y al:c*eauy falls to the sane
level as for L = 2.6 7 '
For I, 2 only the bac&grcund is prac’sically rogistered
% the left and right of ammaly.f in this sonse the transi-
tion from the outer Yo the inner belt can be spoken of, |
 Gable 1 and Fige.3 demonstrate the features of intensity
disz‘;ributién in the _énwmaly, In Table 4 the inbensities I

- imp. per sq.em per gecond and corresponding longitudes

i
)
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- B - i
ﬁﬁ?;j ~ in the region of'anomaly for some;L are given. On Pige 3
o the dependence curves of B on longitude for various drift
surfaces at an altitude of 32 km are plotted. The conbinmue -
ous curve - for L = 1.3, dotted cﬁrve - for L = 1.6, touch-’
dotted curve - for L = 241, Incréasea ¢count in anonmaly is
natuéally registercd in the rogions of the minimum of these
curvess From the data of the Tabls 1 a no%iceablo longitude
shift of lntensity maximum to the?right for different.L COD~
responding o fhc shift of the curves on Fige 3 is seen.
Tho inner belt maxirnum is in inxerval 1¢5-1.6, Thus
snalysis of lntensity distribution along the drift shells
! 8hows that a'nnmber of regularitiés exist at low altitudéé
- too and that with change of altitude the gradual intensity
change takes places | -
Three longitude rogions are distincetly notabel: peak in
anomaly (5eo°;5o°), low intensity region (60%-220°) and
plateau westward from the anomaly; The connection of in%ens~
ity disbribution in the anomaly with the foabures of the
actual geomagnetic field is traced.v

——— o o N

Authors exprass theip aéknowledgment to V.N.Erofecvas
L.BDrozdova; N.MsTrighkina for the carried computations and
the d esign of results.
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P | Capticns to Figures -

Fige1 Dependence of intensity on 1ongitude for differcnt
f | L at an altztuﬂe of 320 . '

i ‘ . %xe-p=2&
o - ®«L=26 > o
R | N ~1= 28 ' -
| O =1L=35
B -5L =45

Fig.2  Dependence of altitudes of the vertically conjugated
| points on longitude in Sbutﬁern (c§ﬁ%inuous curve)
- - and Northern (bouch-dotted curve) hemisphere,
(B=0.39 L=26)_ :
Tiges, .D@pendence of magntldo of magnetic field B ;ntenglﬁy
: on longitude at an aitxtu&e o£‘320 lm forzaxfferenz
i L.
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A . i

. COZMIC RAYS IN THR STRAVOSPHES AND THEIR
. CORRELATION 9ITI SOTAR ACTIVITE @
{(1958=-1962) ‘

The records of cosmic ray inbensiiy in the strabospherce i

began in the USSR in connection with the IGY from the middle |
of 1957 at geomagnetic latitudes 64 degrees (Murmansl) and 2
51 degrees (loscow) and since Avoil )58 at iatibtude 41 degrecs )
{(Simeizl). By the begins se stations aboub
4;000 £lights of probes-bholloonc with recor@ing ins%rumen%s.’ 1
vere accomnilshed,s 3
3
Threchold cnergzics of Pﬂiﬁﬁﬁy pretons ot these latitudes |
are O.l, 205 and 4.6 Revs, vesuectively (1), B | Q
To record cosmic rays ab probes-belloons either a single :
-Gelger counter o 4 telescole fron oo Geiper ca*ét@rs were 3
used. Dat on the height of £lishy wore defcimined from ?
'réadings of a barograph sioiler Lo ithat uwsed on mebeorological %

o g : ‘ . .
PTODCSe: o
The Cransaission of dato ¢ intoeusity and altvitude was

carried out through one radico channel, In the use of an instrge b

a1 w Eul o B e e A o Pa wie v P - .?‘.m"; 0~ A o :
In the use of an instrument with & tolescone from two counters 1

R, A SR S N I 9 4 s, oo . s
IDTLOTWMELLOL aoouy vhe npumder of tue~-Told eoincideonce was 3
v - r )

Ssrancforned for oabhous £ e pmn N B ER "~ 1 :
sranclorned Lopr obout 95 Per cene of Gimé snd inloomablon
avoubt the C.r\nﬂ‘-’*i?nr? rate of o ginglp /-;.1111‘§;C'": 208 the hoicsht of

w H N R AN AU LN N G 3 S S £ G4 e:.x.;'m PN S 3 81 ne oo .i{;)flu GJ,\
o Y- A TR T S O ) c J. - P T R S S S - . !
£iight wos traponitted for 25 poer cent of %ime. TFig.l shous
the electric schome of SHE 6olesenrm ormoadobinms @ fu 1
RO CLCChuY SLALER OL WIC CCLUBCOLE CUOSLETING oL (w0 Counes

terse In the case of a sirgle csunter the tube I T and counber

L d

- : - , ! ‘ B ¢
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- " . 2. LR " 3 P oI < .
3, are cucluded from the dlagran. The signals of the transe

fore

o

nmittor were recefﬁo& éf:the Tarth by means of an uwlira chorte

wave rcceiver at whouse outpulb @ eeeli;g.eircuis ith a mmcnaw~
- pical counter is switched on. ‘This instrumentation was used
for practically every-=iay measurenents of cosﬁic oy intene
sitys. BLxtensive data were ﬁhteineé whose analysis permits us

Sl £ »

%o serarvate and utd@j iffercnt fluctustions of cosmic ray

¥
ﬁi@ga These incresses are obzerved malnly ab polar latitades
= ~ s, o £%% e ' ks
where radiation intensity grow g comsnred Lo usual oue by

~ tens, hundreds end less oftcn by thousands ond more btimes.
Such cases of anomulous inbencsity increass waich correspond
$o the sppeevance of Solawr comis Tays in gears of high ooiem

arc observed scverol Times & yeare

A
(¢}

{,..\h
o

.
activ
2

Fluctuations of the intergity of coomic rays of Galac.

-

tic origin belong te Yhe second Lype. Thay are nore gradual in

Ead

chavacter and their amplitudes are smaller. Filuctuabions oF
this type 1lncludes

&) 27=day cosmic ywy 1ﬂucnw.uyg These variations have
an :m;lihu@o of five~ben per cont and aee»caused by active
f%egione on the Sun —u'loeet

revelubions of She gun about s 22Zig.

. b) Sudden decreases of cosnic ray intenslity duviag

nasnesic stormss Forbush=-decrenses. During Forbush-Gecreuses

the cosmic ray lﬂteﬂbLbj somebtimes Taills by 30-40 per cenb,
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L
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c) Sccular variatlions of coumic Tay inten

ls

:ity coamcateu
with 1ll-year solar cycles AL the ﬁh@nge of solar aschtivity

coumic ray intensity changes qu”o nately two~Lfold,
M

ic measurements of cﬁsmic Tays on the basis of which offecis
3, secular cosmic

cesnic rag_in%eﬁw

Thv g e de oy E S .o ey s 2 ¢
Dursts of soluor counie roys In the sbrafosphere wore

£ . T -} [ R , ot . I - a -

recorded for the first time in the UIDR ond independently

& i IO E] i s e oy gt AR T AL T .y 4 % ¢

in the USA in 1958. In the U8R flighis of srobes-balloons

*,

P " ~ ] 2 "} N P K d 3 " % £}
vere mage in the reglon of Huwrmonsk ond in the USA in the

f.:)“

- e S ool g e 5. 5 . . o e Sl e
oC LI peasuremenys the strasosphere in the resion of

YT 4N b 1 -4 I & oy g e 2 . s v
gurnansk prinery cosmic o QJ&van Lnuvensicy exceudsd The nore

maldl level approximetely by 2,500 times, on March 5, 1958

3 ¥
gnd by 40 times op March 17 and a“* 8¢ 1958 {2}, {(3), In

1959 during the flarve the incrozses of ecommie adiabion ine

- e

duly 15 and July 17, :ngedt*vﬁl .

) 3y e T S X SN N P U . . .
The duration of different bursts vavics from o few hours
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very importest to Lind noethods o

nadiation in the peried of solar cosmic ray bursts durlng

- -

£1ishts in ipterplanebary space con be solved in principle

and cnergy spectrum of particles in bursts,
Basing on this daba one cun sy that an essdnbiol and
in a number of cases cxecessive. increase ¢f the weight of

space shbips iz poeded ot the ezpense of sricldiy apuinst

1 -~
.—1

pay burmszts ond of ecbabliching the meoin regularities of thelw

[

disgtrivution in inberuloned

e ~ TS N 1 S ammpen gy die e, L2 Fed r Bl et deeo Ty
complex and sysieactic invenitlipation of solar activity by

cstronomical y radio astromomical cnd cibor methods abv simude

A

 taoneous contlauous recoxnding of cocnic madliablon intensity

3 L. Ko pe o - s . . e Uil B oy B o By o o) 4. Ry ¥ ~ am 2"
at Gifferent oolints of civcumbobrestrlal outcr space, pars—

ticularlyy cutsice the 1imitvs of the Torth®s magnetosphercs

% A DAy 1. B o [ AR LTy S Y
e Ooomic Ravy Duests in the Buraiospuere and

S - ~ey P ] » . Yl 3 . - A o SRR | -
sphdic £lares and laub from o few hours to a few dags {(4).
- 7, 1 S X ~1 - W1 Pm Tayaymerde e -~ EII

n 2070 hours after {he chromogcheric Lburst peomaznelic
sthorme and surores bosin v The Desdrnine ol anmrnaiioe
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ct

cnsity mecorded near sez level wnd also in

- e stratosphere ab middle laviludes {(the Porbush {decrease)e
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sphere {4), (11).
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3% is roscible to plot the so=callced ahoorption curve o
‘ the dependence of the mpumber of recorded parbicles on the '

pressure in the stralosphercs During Dursis merc frequess

in Fig,5 illustrate the shope of aboornbion curves gbtecined |

| : . during some ne cnis acconding %o bursts on May & and
 Beptember 3, 1960,  Along tho ordinase She number of double
|

coincidences isngiven, aloas Uh: ooclissa vrccua«e in gromns

IR

s . per sguare ceabimetre is given, Data oa the intenoily of
| . -
Eadiation beyond the atmosphere were cobtained by extrapola~ |

tion of ubsorpticn curves for the pressure of 5 gfem™ which

sabh of protons with energics of 90 Lievss

f7l COTYesponds Tuc ¥
As far as aosorption curves obvalned ot dificrent 1

the burst arve concerned -their inclinations

differ 1it0le, Therciore, it com be said that slopes of

universal charucber ol tuc formation of the sSolar coomic .
Tay provon cnerpy sgectrmm {(12). | . ;
e coastancy of tac syoctrumAis difficult o cixplein f

Trom peint of vicw of its formation during the bLurzb, :

process of the oubticet of particles from the mognet.c¢ Lol

~

inte which they are injected after acceleraliocn, The

2

L..' a
o~

b=
T

of the crnergy sgectrum obtained at this suppositicn (13)
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arrees well with the data of our experimeniss
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Twug kinds of the spectrunms a §eldu1geuy slightly sioping
spectrum before & magnetic storm and o siteep one during &

noznctic storm for the sene burst were observed by us fom

o

he first time during experiments on July 1i-3i2, 195G {4),

‘Later the same result was ebtained‘duriﬁg the turst on
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‘a ¢ylindrical

T

height 20 mn. By wmcons of

£
r’
[}

. {*3 .
Q
<
]

3
Ly

nade of totol ionizabion produced by radiation
a3 woll as the counting of the humber of cases
crystal sed ﬂb@U@ the

ove 20 Rev

energy is rcle

.

and Ll?hcﬁ ¢ Havp

The sccond scintillabion ccuﬁﬁer wis

‘o !
20 m in dlameter agd Snp in b

on Yhe side of free gpuce in ‘hody anple ©
wos covered by a thin alumi pium Foil of

other dirscitions the CPVSLdl anﬁ shobomali W>l“e
by the aluminium layer with th ¢ thickness of a

. H

! !
i

in the crysial

eight

a0 n

was installed

NTH
HIEH

$he neasurenc

oy ey oo we v e %,
when in the

a ¢ylindricel

counter

- 20 o ;

regions b arough the conbrol meridion for a ?eriéd from f
July_ig 1957, bo February 1, iﬁ%Sg turned Goube cqaal to ?
ﬁoout 20 days. It follows from $uch a delay thal the ;
,velac1tzem of the motion éf &Qrpuucal&r abreoms from stable: i
rcgionslen e Juvn are on the cfder oF 10? dmfsecq'fhe close- j;
negs of the chape of the wave Ho @ cinusold shows thab stream§:4
responsible for E7-day caamlc.Mﬂy yvariations aré not narrcw; %
Radiavion Investimpaltions Duoing “ars iﬂiamﬁ %

iz 47 Blichi, %

The fiars 1 probe carpied in :aﬁumcauqt n for lnvesbige- é

- ftions of éosmic rays in interplanetary space and of the | é
Farth's radiation bolbs at the section of its £1ight trajec= ?
Gory pear the Farbth. This instrumentation consisted of two é
sciﬁtil asion cownters and two ges 4is ah&rg& counters. One é
of the scintillation counters situated inside the probe hé& i

and

nt was

prescribed oney nomely,

X ccverod

bfcn o
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““_?v“" _ .

This scintillotion counter recorde & to5al energy relcaced
by radiaticn in'the crystad and the number of particles which
released in the C“yuuwl energy ni ier Shan ;Q Zev, Blcctrons
of energy 70--80 Kev and v”ouong of cnergy 500 Kev con be
guch particles.. ’
@eiﬂer-eoumtefe {ﬁhe-ueﬁkiﬂé iength is 50 mo, the
diamcker is 10 ma) were ln=.=lled inslilde the probé.,
Vieasurcements of ionizablicn and cev.ﬁing rate of
tion and gas dischorge coun uleAﬁefﬁ carried oult by the same
ﬁethcde,ae op previous Sovicy Srutniks and Luniks (253,

On Lunik & launched on Apzil 4, 18635, a gas discharge

of sbout I gfem™. e counter was strongly shi lde&

e3, DY means of

\.

this eeunter cenﬁin&nus.ﬁee*uxamhnuo of cosmic radiation
intensity were conducbed witn thé tranemission to Tarth of
the total wuaber of ceuets between radic contacts, For-
24 hours Of measuremenis a stetﬂezicei cceurscy of about |

@G? per cent was cnsurcde The accuracy of couabs number

‘measurencnts and time neasvrcments lo several times Jigher.

cosmic roy intensity cn tho increase of dlstances from the

1.

Sun up Lo le2d AT {Ast ?:ecmiceA‘Um&t} was inveastigateds

«
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o , R ' : ' P g : s
. ~ 31 -
. Recults of meacurcments of cosnic ray intensity
| . - . ’
' . s mimntion and the T threcshold of
using a Geiger counboer, lonization ang TRe L GiEee i
Cthe inner scintillsation counter: of the Mars 1 probo are
given 1o Tig.ld, g
2 3 - P4 o Ji-t”:{‘x R N T ok i?‘"“f&.""“’iﬁ"’}"
Por the calculabtiocn ©F TLDHD 1RGCHHELY] pigtions
| » 2 R T - » )
invesbizabion of bthe cosmic ray intonsity level in the
. - ] it . e ) \ ) . - .
stratosphore at lavitudes 47 {in Hurmansk) hag been
;
‘-’
® i
|
i |
:
| |
! .
‘ . 5
3 .
'i 3
£ ;
¢ .
;’ :
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!; "iv.IJ gl counting rates of a QLHNT elacr-coznuer in \;
tha vntenczty maxinum {the hcaxb 50 g/cm )} for ;he period S

from November I9 1982, to d=nuwr“ 31, 1363

As evident frea the figure, no considerable cos mnie ray
intensity variationg on ihe Larth were oaserved ‘and introduc-

tion of corrections for these variations will ﬁot change the

BRSNS T

KT T T T P DTy Y

values of cosaic radistion intensity recorded by the Mars I
prebe at the increase of distuices from the Sule
Hithin the limits of errors of moasure nts (about 2w=?
per cent) the intensity of coguic pri mary redietion at the
increase of distances froz the Zertn by 1.25 AU remains
constante r ,
The dependence of coowlc ruy intenslty on distance g
3
tomerds the Hun was investipated during flights of umrrlc&n -
na g aud GAwavcr 2. Pioneer 5 was launched :
Sp&ce pl" cbes 1OBC S S aud Lao¥Xin & 4 < 3
. .
in tarch I960 snd approached the Bun up 1o a distance of ;-
pah ‘ E
3

" 0.9 AU. Scue decrease of intensity was noted which, however,

26)e At the end of I9562

the space prove Hariner II flew in t

approaching the Sun up to U7 Ale No intensity change was

detected at the approach to thc Sun (27)

‘ Thus‘in a year close ©o ?xe aOlar activity minimum near’ L
the orbit of U.e Earth at distagaés of 40 million kllometres §;

in the direcction frou the an and to the Sun cosmic radistion i

intens 1ty rémains constant with an sccuracy of & few per ‘?

ceat. é

In 1959 during flisht of Soviet Luniks thc most precise |

ééta were obtain ei on the prim%ry cosmic radiation stréa& ;

peyond the Earth's magneteSphefe and cn the mean ionizing {

. . T{

! - ' 2
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: : . , 3
4 > : » PR - , 3- . :
| . power of cosuic radiation pariticles (28). Let us remind that
the cosmic ray streom in I959 was 1.982 0.1 part / oa’ sec.. [
. . 4
K v 4 * : - g - F
4 §L»‘ ;he mean ionizing power 2.5 times higher than the mini- 3
5 QUG One. ‘ : :
In I963 duriag flights of ttars I and Lunik 4 probe., data
4 on gosmic rays are obtained which can be compared with 2
3 A
the data of 1959
3. -
; . N i
3 in Table 3 coswmic ror stirecums recorded by Geiger 3
i : S
% counters abo iars I "y “"Lunik 4" and other Soviet Space 3
i‘ : proves are given aversmed over the total fll!',ht ‘i:..t.meo :
Toble 4
y ‘ l':
l ?“le Date of e 751 oa N The Stfe&m E
4. Lauaching e bLE0t o‘_?“e L ap aq, Ep
3 - Counter Location (em ¢ sec™ ') 3
/ January 2, 1959 Inside the container 2 4+ A 9
4 : , o ) 2.3 X 0.1 4
3 (without shield) 3
) B A
i Septemver 12,I959  Inside the container
{in the shield of ;
3 mm lead and I mm . -
I . aluminiuz) ] 12446 T 0.1
; September 12, 1959 OQutside the conteiner
' at distance of 3%J cum
i (in the shield of
: /- 3 mn lzad and I ma o 3
; aluminiun 2.0 ™ 0.1 3
; . 3 : . i
: *" the error is due %o uncerta n*v of geometrical dimensions of the '
| . .. ' ; b
P counters operationsl volume. ; :
, : S 'k
. Ff
: :
_ Declassified in Part - Sanitized Copy Approved for Release 2012/12/13 : CIA-RDP80T00246A022400050001-7
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‘October 4,1959 - On the shell of the con-

% ma lecad and lum

gluminiuwe . : 2,12 % 0O.X
Kovember 2, 1962 = Inside the contsincye _
(without shicld) : 4,45 + 0.1
‘ . . _ _ _ . .«
~April 2, 19563 - - Inside the contaginer

(without sheild) 4445 F 0,1

-

Condiuvions of shiglding of inner coualers on space
probes on the lars 1 probe wnd Lunik IV, are spproximately
the same. “hus, the ccsizic ray particle stream in 19563

. exceeds the porticle stream in 1959 almost two-fold.

hac somewhat diflerent chnaracteristics Irom the peint of

1
4

powver of primary cosmic radiation particles did not increase
as compared to I959¢ |

The couplex of data on cosmic ray intensiily ehénge from
1959 to 19563 in the siraglosphere a£ laﬁitudes 41°, 51° ana
649, beygnd the Barth's magnetosphere and the conclusion
/63 the absence of the increase of cheléverage ioaizing
power of cosuic ray particles have made it possible to
estimate the aversse Gnergy_ofﬂiartiéles added in I9%% as

‘ T

compared to 195%. Tsble 5 gives the ratioc of

et
radigtion intensity and the mean&iag'J;ib voessx/in I8

Declassified in Part - Sanitized Copy Approved for Release 2012/12/13 : CIA-RDP80T00246A022400050001-7

Scientillation counters of spacte probes and llars 1 probe

The data obtained siow that in 1863 the averaze ionizing
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" WAL Gk GRET UG b D QUL URLL, W u..,.“,‘uci Cirt WG Lide ]

| T ’ : q
i . . ' . - Table § r
. 3

The Place of _ . In the Intensity “amw.:a At a Distance of

- vecsuvenents - : in the &Lx'gzta:sghczra 100 ,000=700,000 ka b

| ' o - from the farth :

' ' -0 . o P N R Specidie 2

, o N 417 A= 5I% A= 547 . lhe »iatreaf;z Icnizgtica

The Ra'::wu of
Intensity in 3
195% to the 2
Intensity in :,

1959 T

1.1 1.25 . 1.45 | 1.95 < 1.0 3

Such a change of the nusber of particles at ch ferent

laiimueo can be caused by additi na.l p.,,rticles of 3

. sufficiently hwh energy (i=-5 Bev) with the s;;«ec'tm close
; to the pz':«‘rrw«w ecsmic radiation spectrui.
: In Fig.Il6 data are given obtained during the entire time
q . V B ‘ S . ; o ”:
. ’ - of ts:,:e work of space probe Lunik 4:-, The averwe value of
zhe c&mxter’s counting rate is I9 wa? - 0005 eounts per
/second. Moximun devistions from the average value are 2.5 .
: per e@nt at the accuraly of each ...t.:cmw.'emcnt ot about : 0.1 L
| A . yi‘:” centes In the process of flig L‘i} the voltage of power E
f supply of instromentation was mp t« s*cab"ie with hl@h : B
i curacys ‘he change of the 'infe‘,e"ﬁi‘ty due to temper ture ?f'“
‘- , - i ® 3 o I i Ly - * E\

f‘lue tuation inside tho probe was for this time less than 85 |

: , ' ! : S
K p er cente %re do not see oiher instrumentation ceuses of - -
i - - é -
: ' 2

. 3

: ! P
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S intensity change aﬂd we consider that recorded intensity é
fluctuations arc actasl. 4 ‘g' ?

'ffﬂi‘ " In the sane figurc results of measurements of cosmic ;
| radietica intensity in the stratospheré in the region of é
Huimansk ﬁve civen for the Snee pefiod of time. é

Tie change of iatengity in uraansk is not correlated 'g

with The change of intensity recorded by Lunik 4. rrom this k

one ean'concluue vh&C intensity flactuations recordcd during %

Lunik 4 flight esre due to pw rticles with encrgies which are ;A

not récorded in the maxiaum of the ebsorption curve in g

!urmansk (the heigihit 50 g/ cm )# i.e. with energies I —2 ;

‘Bev. In any case one can state that the spectrum of particles g

asing the recorded intensity wo iat us 1s softer than the E

spectrum of particles responsivle for 11~year changes in - !

cosnic¢ ray intensitye.
During flits in 1ntern1vnnt ary spsce of spare probes
' "Lunik 3", "Pioncer 5%, "larviner 2" and "iars 1" time intensity

variations with the awsplitude of a few per cent were recsrded.

s not g value of the change

o

Therefore, the unexyected one
of intensity recorded by Lunik 4, but the gradual character

of this variation. In a year close 1o sclar sctiviity maximum

during flight of Lunik 3 intensity\ghanges were leapwise

in chargeter and correlated well with tervestrial intensity
variatidns (with the cuuntzng rabn of neutron monitor).
It is not excluded thatl during the ncriod of the soclar .

activity minimum the s

o

cradic proces sses on the Sun leading
to sharp fluctuatiorns of cosuwic rays intensity take place

/
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. L ‘ ! ,
K rorely or do not cccur at all, and the change of Qagnctic

-

situstion in ecircuomterrestriel oater space due to 'temporal

change of .the chnaracter of the solar wind begins to}play part.

e |
=
&
s
9
Q
{2
[€2]
®
Ci

the periodicity of ihe change of magn%ﬁié
sitaation in,intcrplanetary space may be assodiatcd with the:
tize of corpuééula- stream»pfopagétion in the solaf system,

f.e¢. with the time on e order of S==1:) aays.'fhe[periodicity

of such scale nas been obscrved by Lunik 4.

£

records of rsdiatio

]

) 4. 0 ] .
Th in the Barth s rediztion belts

during the flirht of the Mars T probe from the Egrthe.

wolS made
Fig.17 gives radiation intensities depending on &

" distsance from the Sarth's centres First of sll the small

vy

.extent of radistion belts draws one's attention. This is
explained by the fact that the trajectory of the Hars 1

probe strongly differed from the irajecteries of the first

. Soviet Luniks which crossed thue outer radiation belt necar
the equator. During flishy ncor the equator the iars 1 probe

crossed the inncr belt and then‘on its'path away from the
Egrth it crossed the outer radiztion belt at high'geomégnetic
‘lativudes.

The most surprising is the ebsolutely identical character

of the curves recorded by difercat counterss So, curve V

showing the intensity of electrons with energy 70--80 Kev

(or protons with energy 5u0 Keve) is sbsolutely the same
as the curve of the counting rate of a gas discharge counter
which efficiently records elccirons with encrgy 8 Mev

(or protons with energy 5D lev.) Buring this flight
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L ‘ and befors it no conzidsrable gecunazn tic field dist carbafices

wore racorded. fhe passaze of the outer bounduxy of the ocuter
' belt by the liors 1 probe was negr the lecal midnizht.

Due to'difforént flisht raJecLorias of lunar probes

end lars 1 it is very difficult to compare the staotes of the
belts in 1903 gnd 1959, rip.lQ gives velues of encrgy releases

in Hal crystals Tor Lunik 2 and the ilars 1 probe as a
fanction of the L velue characterizing the given maznectie
Yo It is clcar from the figure that the character

of the cuter buundary of the outer radiotion belt differs

hish latitudes. If it 1s asscumed that the state of belts for

the vimes elgpsed froa Septewdber 1959 to November 1962 gid

. not changevone can make & ¢ conc clusion on- the presence of

| sharpoer boundary of the outer radiastion belt at high
laetitudes than near the eéu&tdfiﬁl planes In other words,
at large L tropped porticles with low reflection points -
afe absent. However, it is tle most provable thalt the change
of the she ape of the vuater radisiion belt shouléd be asceribed
to temporal veristions detecied for the first time during

flipght of Joviet space proves (28) aad 1nveﬁnigated in

detail durinmzg flight of the smerican savellite Laplorer 7 (30)

v

ed that wnis coolution in the shape

L
- -
s
0
£
A
®
B
Q
}‘l'
&

and dislocation of tae beli's bouﬁéﬁry is;&ssaciated s1th

i ' - the difvercnce in local tiume of the passage o* the belt's

boundary. Teis effect was for the: First time'revealed during
/ ; o
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i flights of the American satellite Injun I by means of a coun'cor
} SR} Y ‘ 6‘. . H . N :
j which recorded electrons »ith caengy 2> 40 Kev (3I).
,/ - ¢ It turned out that at low altitudss of the satellite's 3
] - . . 3
/ ) : .
/ f1icht (sbout I,000 km) at local midday the boundary's belt
4 , ! '
fj lies at higher geomamactic latitudes than at local midnieht.
' 7 ; 3 } Pl * 4 M
/, f ‘fable & gives the momenis of the pass ane (lecal time) of the
H ,/‘ff I . 3
N uobnlrp:y ¢f e outer radiction bell and the parameter of 3
r JAe 3
R Lhie voundury mogn-tice shell according to the dota of Sovist
luanar rocketis and Joviet Venus I and Mars 1 probes. ihe
| . rognevic shell during the crossing of wmhich the cnergy ]
release in the cerystal cxeoseded IV times the energy release :
/. » - . *
from cosmic rays was taken for the boundary of the belt. :
3
lable 6
‘e Local Time of the
‘assage of the Belt's , 1 _ F
doundary o
The Date flours ‘L.lnutes
Lunik I Jen.3,1959 6 30 6.7  F
. ol . \ | N
Lunik II - Septe.l2,1959 22 : 30 . 6.5 3
. o
Lunik IIi Oct.4, 1959 4 | 30 -
. . . . 3
The Venus I Probe | Pebr.I2,1961 Y 1 Jo 6.1 b
/ k L g,
the lars I Probe Novae2, 1952 2/ 5 30 640
1
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| After the cmorrenes Irom the Zarth's t&diation!belts
a1l the penetrating radisvion detcctufs of Mars f probe record

L

almost constent radiation intensity shich, however, considerably

aiffers from primary cosmic radiation.

In Tablo 7 the valucg are listed of recorded paruicle'
streans and enersy by all detectors sfter coming oat of

the radiolion belte

S Table 7
) : Yom S oy
Detectors ”Le Inner \eintillation Counter .|The Cuter Scin- Geiger,
‘ ' tillation Counter \ Counter

flE:

. Ionizction| The Threshold | The Threge-

.
I 3 7 Y e, L@
hold 2 Mey| +90128

50 kevw _ tion Thresh-
: old '
30 kew

Enerey ‘ - :

Releuse o | ; , |
| 10 3
8.10 245,107

\J
*

po
(.
NI
(.)

and 10 4,10 30
Counting | ew/sec . | puls/sec pU d/sec ev/sec | puls/sec [Puls/see
Rate |

Hean eﬁergv rcleased in the ervs al per one count of

tae cuter scintillation éﬁunter ig atout 2 lev/count. ihe
counting rate of ithe gas dischange counter is about ?03 tinmes

1cwer than that of the seintillatiocn. eounuers for tie

%
]
4
&
0
ol
jah
@]
o)
o
(e
o
I
¢t
W
L
e
.

This 1nd1cates that the recorded

".A“ [ 2 o~ 2 rn . - - : y ] N -
radiation constitule electirons with enerzies of about 2 Mev




R coE T T T T e, e s T ot
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directly recorded by outer and innsr seintillation counters
and for bremsstrabling by a Geiger counter (The Geiger counter

had larger shiclding than the erystal of the inner scintilla-

iy 2o 1Y = D

‘

tion countere

&
w
n

dnce ir

&

¢

troam  oFf recorded elections turned to be

A ekt e Ed L il
~

N e

time it is natural to suppose that they are
z/

&)

[
3

very stavle !
‘the decay product of long-living radioactive nuclei. The
jrracistion of iars 1 probe by the protons of the inner belt
: 1eads Lo the appearence of induced rodiocactivity. Uz the

-

other hand, rsdicactive ruclei formed in the atmosphere as

a resﬁlﬁ of nuclear exiplosions over Johnson Isiand carried

 out not long béfore Mers I flight might accumulate at the

P -"b surface of the Mars 1 prove. lowever, the estimate of the
-% §:. o nanber of radiosclive nuclei produced during these ef'fects

shows t.al they arc not enoush Tor the explanaidon of the

o

observed counting rates of radistion deteciors cf llars 1
probe. _ _

" iheref.re, it.is probable that tae observed efrect is
cavsed by the appearance of encrgetic eleciions of unknown

origin in:the vicinity of the Earthe

3

, x/ ’

For I hour of measurements the radistion intensity

decreased lover than LY 5 per cente ‘ k

. . .
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Fige.12s Pericdoprons according to results of measuraes

ﬁcnﬁs of cosnic oy imﬁomsiﬁy dhring the pexiod from July iy
1957, to IFebruazy 1, 1958, - |
3 e 20T Lhe strabosshere a“.latiﬁuég 5l°
2 == for a ncutron moaitérjat<1atitude 52°

5 = for the E-indcx,
Fig.13. The shope of the wave of 27~doy intensity
variations for the period from July 1, 1957, to February 1,

- O Lhe syratoophere av laﬁitude'Slot

- TOT a ncutron monitor at latitude 5@°¢

~= for a neutzon gonitor ay lavitude o°.
FPigeis, Cosmic ray inbensity during lars 1 probie £1ight
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' 1 - according (o a Geiger counier,

2 = ionization Gf Ghe inner scintillation counbefr,.

5 = cecording to the threshold 30 kev of the imner
sclntillaﬁion counters

Fig.l5+ Counding mabes of Geiger counbers on Mave 1

’

i _ probe in the seratosphere at lavitude &4° (Murmonsk) as a
| function of Himc, J/ | |

. A ' ' ?igglﬁaAGeiger counters¥ counting rate éuéing ivnik &
and balleon £lights in the stratosphere at latitude 64° "

(lurmensk) for the period from /April 1 to April 15, 19634
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